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isis to the Second Edition 


Tue five years since the publication of the first edition of 
Industrial Psychology have been eventful ones for the world 
and for psychology in industry. A decade ago, only a dozen 
or fifteen persons were usually in attendance at sessions on 
industrial psychology at professional meetings. Hundreds 
now attend the sessions on this subject. A decade ago, only 
a scattered few psychologists were employed by industry. 
Scores of psychologists are now well established in industrial 
jobs. Before World War II, only a few courses in industrial 
psychology were given by a limited number of colleges and 
universities. Now, almost every department of psychology 
gives one or more courses in this subject, to say nothing of 
the many extension, evening, and correspondence courses 
devoted to psychology in industry. 

This growth of interest in the field of industrial psychology 
has also resulted in a marked increase in publications in this 
field during the past few years. The major purpose of the 
present revision of Industrial Psychology has been to include a 
coverage of this extensive new material. Every chapter has 
been thoroughly revised and much new material has been 
included. In addition, two entirely new chapters have been 
added, one of which deals with the interview and related 
employment procedures, the other with wages and job 
evaluation. The recent recognition of the contribution that 
can be made by psychology to the subject of job evaluation 
would seem to justify a coverage of at least the basic principles 
of job evaluation techniques in a textbook on industrial 
psychology. The chapter on visual skills has been revised 
in collaboration with Dr. S. E. Wirt. 
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To an even greater extent than when the first edition was 
written, the author is indebted to many persons in the indus- 
trial world for continued interest in and support of this work. 
Indeed, the number of persons and companies to whom 
appreciation is due is so great that even a sincere attempt to 
list them would almost certainly result in some unintended 
omissions. Specific acknowledgments to those from whom 
work has been reported are given throughout the text. Other 
than this, no complete list of acknowledgments will be 
attempted, but a specific word of appreciation is clearly due 
to the Bausch and Lomb Optical Company for its collabora- 
tion and material assistance in research on personnel testing 
procedures. This company has made possible the installation 
and operation at Purdue University of a statistical research 
laboratory—the Occupational Research Center—, under the 
supervision of Dr. N. C. Kephart and Dr. 8. E. Wirt. With- 
out this codperative assistance, many of the investigations 
reported in this revision could not have been made. 
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Preface to the First Edition 


Tuts book deals with applications of psychology that have 


‘ been made in industry. These applications are not limited to 


employee selection and placement. Industrial psychology 
has also been applied to the improvement of merit rating, 
reduction of accidents, solution of visual problems, increasing 
the accuracy of inspection, improvements in training methods, 
and the measurement and improvement of employee morale. 

The growth of interest in psychological methods during 
the past decade within such organizations as the American 
Management Association shows that psychology as a tech- 
nology has been accepted as a tool of industrial management. 
This book covers the procedures and techniques that have 
been responsible for that acceptance. These techniques 
can be improved, of course. They will be improved as fur- 
ther industrial applieation of psychology points the way 
toward desirable modifications. But just as they are now, 
the industries that have given them a trial have not been dis- 
appointed in them. 

A considerable amount of the content of this book is 
based on research that has not previously been published. 
This work has been in the nature of coóperative projects 
carried on by the Division of Education and Applied Psy- 
chology at Purdue University and a number of industries. 
Practically all of the material on industrial vision and acci- 
dents, and a considerable amount of the material on individual 
differences, merit rating, and employee placement tests is 
presented here for the first time. 

The treatment of test application emphasizes the impor- 


tance of the selection ratio—an emphasis first crystallized 
ix 


x PREFACE TO THE FIRST EDITION 


by H. C. Taylor and J. T. Russell of the Western Electric 
Company. Test programs conducted in terms of the principle 
have shown that a highly effective use of tests can be made 
even when no applicants are rejected for employment. The 
value of a testing program under such conditions has not 
always been recognized. To facilitate an understanding of 
the selection ratio among students and to make available to 
personnel men the use of this important procedure, the 
Taylor-Russell Tables have been reproduced in Appendix B, 
with the permission of Dr. Taylor. 

The writer is indebted to a number of persons and organi- 
zations for assistance in this work. F. B. Knight, Director 
of the Division of Education and Applied Psychology at 
Purdue University, has constantly encouraged and assisted 
the research in industrial psychology. R. J. Greenly, 
Professor of Trades and Industrial Education at Purdue 
University, has helped in numerous ways to apply psychology 
to industrial problems. The Bauseh and Lomb Optical 
Company has assisted and supported research dealing with 
the construction and validation of a battery of vision tests 
adapted to the needs of industry. Hedwig 8. Kuhn, M. D., 
furnished more than 9000 visual records from an industrial 
survey. Most of the vision research is based upon an analysis 
of these records. The joint committee on industrial vision of 
the American Medical Association and the American Academy 
of Ophthalmology and Otolaryngology has given valuable 
counsel in connection with the vision research. The indus- 
trial vision committee of the American Optometric Association 
has also been enthusiastic in its interest and support. 

Among the many men in industry who have given helpful 
and sound counsel on the industrial applications of psy- 
chological methods the writer is particularly indebted to 
Yandell Cline and Paul Ortlieb, of Noblitt-Sparks Industries, 
Ine.; to I. P. Egan, of the Real Silk Hosiery Mills; to William 
Pope, of the Bear Brand Hosiery Mills; to E. D. Stoetzel, 
W. E. Strong, and Rei Ganzer, of the Marathon Paper 
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Company ; and to F. J. Martin, of the Belden Manufacturing 
Company. 

Most of the research on industrial vision has been carried 
on in collaboration with S. E. Wirt and Ray Reed, of the 
Bausch and Lomb Optieal Company. Chapter 6, which 
deals with this subject, has been written in collaboration with 
Dr. Wirt. Collaboration with H. B. Rogers, Associate 
Professor of Industrial Engineering at Purdue University, 
in research on the selection and training of industrial inspec- 
tors, has resulted in a relationship between psychology and 
industrial engineering that has broadened the horizon of 
applied psychology. The interest in industrial psychology 
constantly expressed by Dr. Lillian Gilbreth, Professor of 
Management at Purdue University, has been a source of 
inspiration. Mr. G. A. Satter read and suggested certain 
changes in the appendix dealing with elementary statistical 
procedures. Mr. Max Wastl, laboratory technician, con- 
structed most of the apparatus used in instrumental research. 

To all of the above, to the numerous workers whose 
published research has been drawn upon in writing this book, 
and to the other persons in industry who have helped with 
various phases of the research in industrial psychology, the 
writer is happy to acknowledge his sincere appreciation. 


Josern TIFFIN 
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The Significance of Individual 
Differences in Industry 


THE management of an expanding industry may obtain 
ten or a hundred or even a thousand new machines of à certain 
type with reasonable assurance that the new pieces of machin- 
ery will be identical in construction, equal in efficiency, and 
capable of uniform output. But to obtain an equal number 
of persons who are able to operate these machines with a satis- 
factory and uniform degree of competence is quite another 
matter. Every foreman knows that identical machines 
seldom deliver identical production when they are controlled 
by different operators. People are not. alike by nature, 
training, education, or inclination. A job may be done well 
by one, fairly well by another, and very poorly by a third. 
The job may be a source of great personal satisfaction to one, 
a monotonous and boring task to another, and entirely beyond 
the capacity of a third. Modern industry is becoming 
increasingly aware of the importance of placing on every job 

an individual who is not only able to do the job well but 
who, in addition, is temperamentally adapted to the job in 
question. The success of personnel placement depends upon 
placing every individual on a job that matches the capacity 
of the individual and upon giving him adequate and specific 
training to do thejob. Ifthe job is too difficult or the training 
has been inadequate, the result is confusion, low production, 
and possible injury either to the operator or the machine. 
If the job is too easy, the result is boredom, mind wandering, 
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and daydreaming, with the dissatisfaction that so often 
accompanies these activities. 

An individual is best adapted and is usually most satisfied + 
—and this applies whether he is at work, at home, or on his 
vacation—when he has found an outlet for whatever energy, 
drive, and ability he may possess. If his job calls for abilities 
that he does not have and cannot develop, he continually 
experiences the despair of failure. If, on the other hand, his 
job calls for only a fractional part of his ability, he is likely to 
develop other means of self-expression, which, at their best, 
may be daydreaming or an unduly critical attitude and, at 
their worst, may become a definite and serious mental illness 
or disease. Energy not demanded by the job is usually < 
released into some other channel. Too often the release of 
this extra energy" is in a direction that not only fails to 
benefit either the employee or his employer but, on the con- 
trary, is actually detrimental to the interests of one or both of | 
these parties. | 

Many investigations, both experimental and statistical, | 
furnish the basis for the above statements. In 1923, Bills! 
m = d correlation between intelligence and | 
am cda oed e by clerical workers. Phe noted 
job, the imet ie medeor Eo wd a half hr ihe 
she interpreted to bes LI doubled in amount. Tins r 

pm vith seniority comes a definite 
shifting of employees toward levels of job difficulty the | 
match their ability. In another investigation E 3 g] 
Bills? found that labor turnover can be markedly E La 
a careful placement of employees in jobs of a difficulty coi 
mensurate with the ability of those employees. Low-abilit,, 
employees—as revealed by mental tests at the time of employ | 


1 M. A. Bills, “Relation of Mental Alertness Test Scores to Positions and 
Permanency in Company," Journal of Applied Psychology, VII (1923), pp. 154- 
156. 

. ? Millicent Pond and Marion A. Bills, ‘Intelligence and Clerical Jobs. Tw? 
Studies of Relation of Test Score to Job Held,” Personnel Journal, XII (1933); 
pp. 41-56. 
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ment—showed only half the turnover on certain simple jobs 
as did high-ability employees assigned to the same jobs. 
On jobs more difficult in nature, exactly the opposite situation 
prevailed: the low-ability employees showed the largest turn- 
over and the high-ability employees the least. Standardized 
mental tests? reveal that on jobs of a repetitive, routine 
nature it is not uncommon to find negative correlations 
between productivity and mental ability. Such studies 
indicate the practical importance of placing employees on 
jobs that match their ability. 

Industry has long recognized the existence and importance 
of individual differences in training and skill Personnel 
managers, in hiring tradesmen, make every effort to determine 
in advance the degree of skill that the applicant possesses. 
But often employers do not so clearly recognize the fact that 
differences in capacity for machine operation and other jobs 
that are ordinarily considered as unskilled or semiskilled are 
just as great and just as important as differences in skill 
among tradesmen. The significance to industry of individual 
differences among employees is far more important than that 
of differences in skill already developed or of differences that 
can be detected in an interview. The concept of individual 
differences is concerned with basic differences in capacity 
which are of importance in every phase of industrial personnel 
placement. 

Recent social legislation and the inclusion of some form of 
smiority clause in practically every union contract make the 
esnsideration of individual differences at the time of hiring 
alore important than the placing of men and women on jobs 
that are neither above nor below their capacity to succeed. 
There was a time, not so long ago, when any employee—new 
or old—could be dismissed whenever his supervisor felt that 


3J h Tiffin and R. J. Greenly. “Employee Selection Tests for Electrical 
menee Aera es ont Radio Assemblers,” Ji ournal of Applied Psychology, 
XXIII (1939), pp. 240-263. See also Joseph Tiffin and C. H. Lawshe, Jr, 
“The ‘Adaptability Test: A Fifteen Minute Alertness Test for Use in Personnel 
Allocation,” Journal of Applied Psychology, XXVII (1943), pp. 152-163. 
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the employee's services were no longer advantageous to the 
company. Often employees were tried out on several jobs 
over a period of months and were then dismissed as unsuited 
for any of the jobs available. Under modern legislative 
enactments and union-management agreements, it is practi- 
cally impossible for industry to follow this procedure today. 
Unemployment insurance premiums are paid at least partly 
by the employer, and the schedule of premiums is so adjusted 
in many states that the amount which an employer pays is 
proportional to the labor turnover of the company. Union 
contraets often make it difficult to discharge an employee 
after he has been employed for a specified period of time. 

At least two other factors operate to prevent the arbi- 
trary dismissal of employees. One of these is based upon 
financial considerations, for the cost of training an employee 
is lost when that employee is dismissed. Training costs are 
no small item in the operation of a modern plant—a matter 
that will be discussed in some detail in Chapter 8. By using 
every precaution to make sure that training is given only to 
those employees who are likely to stay on the job, at least 
until the investment in their training has been realized, and by 
making every effort to avoid the dismissal of these employees 
for any avoidable reason, sizable savings in production costs can 
almost invariably be made. 

A second less mercenary, but very real, reason for a grow- 
ing reluctance on the part of management to dismiss employ- 
ees arbitrarily is the increasing sense of social obligation felt 
by a very large number of employers. At one time manage 
ment regarded labor simply as à cost of production, and only 
as a cost of production. Today management recognizes that 
employees not only make the product, but also buy it; and that 
employees who leave dissatisfied may, and frequently do, 
spread discontent among other employees or future employees 
that works to the disadvantage of both producer and con- 
sumer. Satisfactory employer-employee relations are the 
cornerstone upon which a modern industrial organization 
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must be built. For such reasons it has become more and 
more important for industry to evaluate the suitability of 
prospective employees before hiring. Differences in the 
suitability of applicants is a branch of the psychology of 
individual differences that, fortunately, has been quite 
thoroughly studied. | To show the direct and practical appli- 
cation of these studies in the field of personnel administration 
will be a major purpose of this book. 

Several questions concerning individual differences have 
probably already arisen in the mind of the reader. How 
great are individual differences? Are they large enough to 
be of practical importance? Do they indicate more or less 
permanent characteristics? How are they affected by experi- 
ence and/or training on the job? If employees were given 
equal experience, would not their individual differences 
largely disappear? Questions of this type can be answered 
most satisfactorily by consideration and interpretation of 
statistical data and experiment. ) 


The Magnitude of Individual Differences 


‘Individual differences in productivity 


Figure 1 is a frequency distribution showing differences in 
productivity among thirty-six electrical-fixture assemblers 
who were engaged in identical jobs. An incentive method of 
wage payment was in use and the best operator was earning 
slightly more than twice the average hourly wage of the poor- 
est operator. The overhead to the company was identical for 
all the employees in this department, including the best and 
the poorest. Both used identical work layouts and assem- 
bling equipment. Both used identical amounts of space, 
heat, light, and other overhead expenses. But the best 
employee, in delivering more than twice the production of the 
Poorest employee, was therefore using only half as much 
Overhead and capital expense per unit of production as the 
Poorest employee. This fact makes it clear that as new 
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employees are added to the department it is profitable not 
alone to the employees or to the management but both to the 
employees and the management, to obtain persons who arc 
capable of attaining the higher levels of production. 

Figure 2 shows another distribution of the productivity of 
a group of operators on identical jobs (burning, twisting, and 
soldering) utilizing identical investments in machinery and 
overhead. The distribution shows that the production 
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Fic. 1—Distribution of quantity of production among 36 electrical 
fixture assemblers. 


obtained from the different identical sets of equipment varied 
in the ratio 65:130, depending on the operator of the machine. 

Still more striking differences in productivity among a 
group of operators are shown in Figure 3. This distribution 
shows the production of 199 hosiery 'loopers." The looping 
operation involves the gathering together of the loops of 
thread (each over a separate needle) at the bottom of a 
stocking after the garment is knit in order to close the opening 
left in the toe. Looping is a job calling for very careful and 
constant visual attention as well as a high degree of skill in 
placing the loops on the separate needles. Production 0P 
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| this job is ordinarily computed in terms of dozens of pairs 
looped per hour. Payment is on an incentive basis. 

Figure 3 shows a range of from .25 dozen pairs per hour 

(at the extreme left) to 7.00 dozen pairs per hour (at the 
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Fic. 2— Distribution of quantity of production among 
33 employees engaged in an operation involving burning, 
twisting, and soldering the ends of insulated wire. 
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Fra, 3— Distribution of quantity of production in looping hosiery for 199 
employees varying in experience from one month to five years. 


extreme right). As might be expected, this great variation 
in production is due partly to differences in experience on the 
Job. However, the fact that such differences do not account 
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for all of the variability shown in Figure 3 is indicated by 
Figure 4, which shows a similar frequency distribution of 
production of 99 employees who had had one year or more of 
experience on the looping job. A careful analysis of the 
learning curve for looping shows that maximum production 
is reached after a year of experience. It therefore seems 
reasonable to assume that the differences in production shown 
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Fic. 4—Distribution of quantity of production in looping hosiery for 99 employees 
with one year or more of experience. 


in Figure 4 cannot be explained in terms of the experience | 
factor. Yet the variation in production is still from three 
dozen pairs to more than seven dozen pairs per hour. 

Differences in employee productivity of the type just 
discussed are usually consistent differences. The high- 
producing employee at any one time tends to remain in the 
high-production level, and the less efficient operator tends to 
remain at approximately the same low level from week to 
week. This fact is illustrated by the scattergram shown In 
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Table 1. This table shows the relation between productivity 
for two successive weeks among 203 hosiery loopers. No 
marked shifts in productivity from one week to the other 
occurred. It is therefore clear that, given the production of 
any operator for the first week, a fairly accurate prediction of 
the production of that operator for the following week can be 
made. The coefficient of correlation’ between the production 
of the first and second week computed from the scattergram 
in Table 1 was .96. 

These computations indicate that an employee's produc- 
tion level is not something that fluctuates willy-nilly or that 
he changes daily, as he does his necktie or his shirt, but that 
his production level is rather a relatively fixed and permanent 
characteristic. 


TABLE 1 
ScaTTERGRAM SHOWING CONSISTENCY OF PRODUCTION OF 203 HOSIERY Loorrers 
The correlation between production for the two weeks shown was .96 
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Individual differenees in productivity, then, are large 
enough to warrant careful attention. This truth may be 
more easily understood if the fact, often lost sight of in the 
rush of industrial production, is kept in view that differences 
in productivity of employees are, basically and from a cost 
angle, differences in overhead expenses and capital investment. 


Individual differences in job qualifications 

Before employees have had an opportunity to reveal their 
differences in productivity on the job (that is, before they are 
hired) they will often, if given an opportunity, exhibit very 
great differences in qualifications for the job. A large manu- 
facturing industry recently examined 112 applicants for the 
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Fic. 5—Distribution of scores of 112 applicants on 130-item multiple-choice test 
covering technical information in machine shop practice. 


job of machine-shop apprentice. Several tests were given 
to the applicants, among which was the Technical Informa- 
tion in Machine Shop Test of the Purdue Vocational Series.* 
Figure 5 shows that the scores on this test varied from 5 items 
correct to 125 items correct. All of the applicants either had 
taken high-school vocational courses, which presumably had 
prepared them in the technical aspects of machine-shop 


5H. F. Owen, C. C. Stevason, H. G. McComb, and C. D. Hume, T'echnical 
Information Test for Machinists and Machine Operators, (Chicago: Science 
Research Associates, 228 South Wabash Avenue, 1942). This test is described 
briefly on p. 155. The original form of this test, on which Fig. 5 is based, con- 
tained 130items. The revised form distributed by Science Research Associates 
contains 133 items. ó 
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practice, or had had industrial experience as machinists’ 
helpers. In spite of these opportunities to learn the technical 
details of their craft, the test revealed enormous differences 
among the applicants in actual qualifications for the appren- 
ticeship openings. 

A similar situation among applicants for electrical appren- 
ticeships is revealed in Figure 6. In this instance, the test 
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Fig. 6—Distribution of scores of 104 applicants on 100- 
item multiple-choice test covering knowledge of practical 


electricity. 


covering Technical Information Related to Electricity of the 
Purdue Vocational Series? was used. Here again marked 
individual differences in qualification for the apprenticeships 
were revealed. 

After the wide range in scores on the qualification tests 
described above was revealed, it was decided to administer 
the Otis Self-Administering Test of Mental Ability,’ a 
standard intelligence test described briefly on page 83, as a 
means of obtaining additional information about the appli- 


°C. W. Caldwell, H. R. Goppert, H. G. McComb, and W. B. Hill, Technical 
Information Series, Test for Electricians (Chicago: Science Research Associ- 
ates, 228 South Wabash Avenue, 1942). This test is described briefly on p. 157. 
he original form of this test, on which Fig. 6 is based, contained 100 items. 
The revised form distributed by Science Research Associates contains 65 items, 
7 Arthur S. Otis, Otis Self-Administering Tests of Mental Ability (W orld 


Book Company, 1922). 
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cants in these two groups before a selection was finally made. 
The distributions of the intelligence-test scores for the two 
groups are shown in Figures 7 and 8. Many psychologists * 
will find it hard to believe that high-school graduates of 
vocational courses tested as low as did those individuals at 


m 
o 


PER CENT OF APPLICANTS 
o 


10 20 30 40 50 60 70 
RAW SCORE ON OTIS TEST 


Fic, 7— Distribution of scores on Otis Self-Administering Test of Mental Ability 
(Higher Exam, Form A) of 112 applicants for machine shop apprenticeships. 
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Fic. 8—Distribution of scores on Otis Self-Administering Test of Mental Ability 


(Higher Exam, Form A) of 117 applicants for electrical apprenticeships, 
` 


the left end of the scale in Figures 7 and 8. However, the 
distributions represent the scores exactly as they were 
obtained. Itis very doubtful whether a boy with a raw score 
of 15 or less on the Otis test would be able to profit from an 
apprenticeship in machine shop or electricity to a sufficient = 
extent to make the venture worthwhile either to the boy or to 


the company. 
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Job qualification tests are not limited to tests of technical 
information or intelligence. Many, if not most, jobs of a 
routine nature demand capacity for dexterous and co-ordi- 
nated activity more specifically than they demand technical 
information and mentalability. Just as one hundred persons 
selected at random would hardly be likely to possess equal 
capacities to become 100-yard-dash men, so one hundred 
persons selected by interview or otherwise would not be likely 
to possess equal capacity for a given production job unless 
capacity for the production job is measured before they are hired. 

This faet is illustrated in Figure 9, which shows frequency 
distributions of four different groups? on the O'Connor test of 
finger dexterity.” This test consists of a 100-hole peg-board 
which is filled as rapidly as possible (three pins to a hole) 
from the pins located in a shallow tray. The greater one's 
finger dexterity, the more rapidly he will be able to fill the 
board and the smaller will be his score, which is simply the 
time in minutes required to fill the board. "The original 
method of scoring this test, as described by Hines and 
O'Connor,!?was somewhat more complicated than the simple 
determination of time in minutes required to fill the board. 
However, since Tiffin and Greenly" found a correlation of 
.99 between the simple time score and the scores obtained by 
the original formula, it was not necessary to compute the 
scores by the original formula. In Figure 9, the left side of 
the scale represents the small-time values or good scores, and 
the right side the long-time values or poor scores. The upper 
curve, or A, in Figure 9 shows the distribution of finger 
dexterity—as measured by this test—among a very large 
number of randomly selected persons. The remaining dis- 
tributions in this figure (B, C, and D) show how finger 


8 Tiffin and Greenly, op. cit. 

? M. Hines and J. O'Connor, ‘‘A Measure of Finger Dexterity,” Personnel 
Journal, IV (1926), pp. 379-382. 

10 Ibid. 

11 Tiffin and Greenly, op. cit. 
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dexterity is distributed among three groups of employees 
engaged in work for which finger dexterity is presumably an 
important qualification. A marked similarity among the 
four distributions is revealed. Operators on the three 


20 


STANDARD NORMS 


AVERAGE 
7.99 


36 ELECTRICAL 
FIXTURE ASSEMBLERS 


AVERAGE 
7.45 


a 
3 
o0 
[3 
o 
u 20, 
fs 33 OPERATORS ON BURN, 
= TWIST, AND SOLDER OPERATION 
9 10) 
æ 
ul 
a 
o 
20 


42 RADIO ASSEMBLERS 


AVERAGE 
7.35 


S © 7 8 9 10 il I2 13 i4 15 16 


TIME IN MINUTES TO FINISH TEST 
Fic. 9—Frequency distributions of scores on O'Connor 
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idustrial jobs are little better in finger dexterity 
indomly selected persons, which means that person 
ualified for this job would have been obtained if the employ- 
s had been selected by lot from a telephone direetory, 
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do we know that the finger-dexterity pegboard is a job quali- 
fication test for these jobs? Are the persons who test high in 
finger dexterity better employees than those who test low? 
Detailed answers to these questions must be postponed at 
this point (they will be given in Chapter 5); but we may 
definitely say here that the test in question does measure 
something that is necessary for efficient production on the 
jobs under consideration, and we may add that the employees 
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NEAR ACUITY, BOTH EYES 
Fro. 10—Distribution of scores of 3,397 factory workers on a visual 
acuity test at 13 inches. 


testing high on the finger-dexterity test are, in general, those 
employees who are also most productive at their work. 
Differences in vision furnish a further example of individ- 
ual differences in job qualification. Figure 10 shows a 
distribution of degree of visual acuity at a distance of 13 
inches for 3,397 employees in a manufacturing company. 
While this curve reveals that a large proportion of these 
employees have “normal” acuity (10) or better, it also shows 
a definite percentage with vision below this level. It further 
reveals a scattering of employees with acuity so low that they 
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are, on certain types of jobs, severely handicapped at their 
work. This statement is based upon investigations showing 
the relationship between vision and efficiency (see page 199). 
Visual acuity is not the only aspect of vision in which indi- 
vidual differences among employees exist. Numerous tests 
dealing with other aspects of visual performance and efficiency 
reveal equally marked variations. A detailed treatment of 
vision as it relates to employee efficiency on different kinds 
of work will be covered in Chapter 7. 

Merit ratings furnish another indication of individual 
differences in employee qualifications for certain jobs. A 
merit rating is a periodic judgment of an employee by his 
supervisor. It consists, usually, of a blank which permits 
separate ratings of the employee in terms of such factors as 
safety, productivity, industriousness, initiative, and so on. 
A survey in 1939 indicated that at that time approximately 
one-third of American industries were using some type of 
formal merit-rating system.!* During the past few years 
many more plants have installed merit rating. Merit- 
rating systems, which will be discussed in detail in Chapter 
10, usually result in a single over-all rating for each employee. 
This over-all rating may be taken, with certain qualifications, 
to indicate the employee’s suitability on the job. 

A distribution of the over-all ratings of 710 men from one 
department of a steel mill is shown in Figure 11. Many 
cautions should be observed in interpreting the significance 
of these merit ratings, but it is safe to conclude that the 
spread of over-all ratings from 240 to 450 points suggests 
definite differences in the quantity and quality of service 
rendered by the different employees. 

Many additional instances of individual differences which 
affect industrial production could be cited, and all of them 
would point toward the conclusion that on many jobs a good 


1? R. B. Starr and R. J. Greenly, “ Merit Rating Survey Findings," Personnel 
Journal, XVII (1939), pp. 378-384. 
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employee is at least twice as valuable to the company for 
which he works as a poor employee. We may answer the 
question about the magnitude of individual differences, then, 
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Fre. 11— Distribution of over-all merit ratings of 710 men 
from one department of a steel mill. is 
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by saying that the differences are not only real but are large 
enough to be of vital practical importance to industry. 


/ The Effect of Training Upon Individual Differences } 


\ Many psychologists have attempted to reach a general 
conclusion from experimental investigations of the effect of 
training upon individual differences. Three possible con- 
clusions might be considered: training may increase the differ- . 
ences, it may decrease them, or it may leave them unaffected. 
Examination of experimental studies in this field reveals 
what seems to be a good deal of contradictory evidence. In 
certain kinds of situations it seems clear that training tends 
to increase whatever differences in ability may exist at the 
beginning of the training. A group of persons placed upon 
an entirely new task of a complicated nature are not likely to 
differ much among themselves in their ability to handle that 
task at the beginning. Their skill is likely to be quite uni- 
form and, it might be added, uniformly low, until appropriate 
training has given those with capacity to do the task an 
opportunity to forge ahead. The operation of any compli- 
cated industrial production machine will furnish an example 


of this principle. ) " in. 
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In Figure 12 the heavy black line shows the average 
production of hosiery loopers in dozens of pairs per hour 
plotted against the amount of experience on the job. This 
curve is really the learning curve for this operation, even 
though it was obtained by taking the average production of 
loopers of varying amounts of experience rather than by 
following the improvement in skill of a given group of loopers 
as experience increased. The dotted lines in Figure 12 indi- 
cate a standard deviation? above and below average produc- 
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Fic. 12—Relation between experience and produc- 
tion in looping hosiery, and the effect of experience on 
individual differences in productivity. Results based on 
199 loopers of varying experience. 
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tion for the varying amounts of experience. It is clear that 
the variability is greater among the loopers with considerable 
experience on the job than among those who have been 
recently hired or who are in the early stages of learning the 
operation. Here, then, is a specific case in which training 
increases the magnitude of individual differences with per- 
formance upon a given job. The operators are much more 
nearly like one another in the early stages of their training 
than in the intermediate or later stages. 

One should not infer from the foregoing illustration, how- 


13 The standard deviation, a measure of variability or spread of scores, is 
explained in Appendix A, p. 498. 
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ever, that the effect of training is always to increase the 
magnitude of individual differences. For example, Hart- 
mann, using four tests of manual ability, found that three 
months of training resulted in definitely more improvement 
among those who initially tested low than among those who 
initially tested high. The ability of everyone was improved 
as a result of the training, but, in this experiment, the training 
also tended to decrease the difference between the good and 
the poor scores. - 

It would be possible to cite numerous other experiments 
that support the apparently contradictory conclusions of one 
or the other of the investigations cited above. A study of 
the experiments in question, however, suggests a possible 
explanation for the seeming discrepancy in results. Wherever 
the effect of training has been to increase the magnitude of 
individual differences, a study of the task involved usually 
reveals it to be fairly complicated. By complicated we mean 
that it is one in which the average individual does not reach 
his maximum level of performance without a fairly long 
learning period. (Wherever training results in a decrease in 
individual differenees, the task is usually found to be a rather 
simple one, that is, one upon which the average individual 
shows little improvement after a relatively short practice 
period. In the light of these facts we may venture the tenta- 
tive generalization that training tends to increase individual 
differences, in proportion to the complexity of the task in 
question. Although a few minor exceptions to this principle 
may come to mind, it seems to be at least provisionally 
acceptable as a working hypothesis. Lo. 

Whatever may be the effect of training on the magnitude 
of judisidoal differences, it seems clear that training seldom 
changes the relative standing of individuals in their ability to 
perform any given task. This conclusion is in accord with the 


uG. W. Hartmann, “Initial Performance as a Basis for Predicting Ultimate 
Achievement,” School and Society, XXIX. (1929), pp. 495-496. 
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findings of Bishop,!? Peterson, Hartmann,’ Viteles,5 and 
others. No industry, therefore, should expect its training 
program to bring all employees up to the same high level of 
efficient performance unless the employees have initially been 
selected in terms of their capacity to reach that high level. ) 


The Bases of Individual Differences 


Psychologists have long been interested in determining 
the ultimate cause of individual differences among people. 
Usually they have divided the major causes into the two 
general categories of heredity and environment. "Those 
upholding one point of view have often minimized or even 
completely ignored the possible influence of the other factor. 
It seems probable that both factors are usually operative but 
that their relative importance differs markedly in the determi- 
nation of different personal characteristics. Heredity would 
seem to be of most importance in determining such traits as 
height, weight, and strength, although it is clear that environ- 
ment also has some effect upon these factors. The environ- 
mental factors of training or education are of basic importance 
in determining trade skills, or any other type of skill that is 
reached only after experience on a particular job. But to 
conclude that differences in skill are dependent upon differ- 
ences in training does not mean that other factors have no 
significant effect upon the level of skill which the training 
produces. Whenever different levels of final performance 
are achieved by a group of individuals who were apparently 
equal when the training began, it may safely be assumed that 
individual differences were present at the beginning of the 


15 M. K. Bishop, “A Study of Individual Differences in Learning," Psychologi- 
cal Review, XXXII (1925), pp. 34-53. = : 

16 J, Peterson, “The Effects of Practice on Individual Differences,” 27th 
Year Book (National Society for the Study of Education, Bloomington, IIL, 
1928), Part II, p. 212. 

17 Hartmann, op. cit. L : 

18 Morris S. Viteles, Industrial Psychology (W. W. Norton & Company, Inc. 


1932), p. 107. 
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training which, although they may have completely escaped 
notice, nevertheless were instrumental in setting the level of 
E attainment which the several individuals later reached. 

An example will make this clear. It has long been stand- 
ard practice in the hosiery industry to hire girls to be trained 
as loopers only after rigid scrutiny and interview, careful study 
of school records and previous employment, general physical 
and visual examination, and a thorough consideration of all 
other factors that standard employment procedure has 
indicated to be of importance. Obviously the girls could not 
be selected on the basis of their looping ability because, never E 
having seen a looping machine, they have no skill whatever p 
on this job at the time of employment. Except when the z 
labor market is very tight, only those girls are hired who, in } 

the judgment of the personnel manager, are likely to become $ : 
good loopers with training. But in spite of this extensive às - 
examination and investigation at the time of employment, 44 
i 
1 
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and in spite of the elimination of all those who for obvious 
reasons are clearly unlikely to become efficient on this partic- 

ular job, the girls hired do not by any means become equally 

. efficient on the operation. In fact, as Figure 4 shows, after a 
year of experience some of the girls are more than twice as 

V productive as others. This fact would indicate that, though 
the girls might have seemed to be potentially equal at the time 

of employment, and indeed probably were equal in terms of all 
factors considered, they were not really equal at all. They 
differed significantly at the time of employment in one or more 

of the factors that determine capacity for success upon this 

job, but—and this is the important point—the differentiating 

basic individual differences were not detected by the standard 
employment procedure. It should be added that a dexterity 

test (described on page 130) and certain vision tests (described 

, on page 206) were successful in detecting at the time of 
T employment an appreciable number of girls who were quite 
satisfactory from the point of view of standard employment 
procedure but who did not have the basic capacities necessary 
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for developing a high level of skill in the muscular and visual 
co-ordination involved in close work. 

One should not infer from the foregoing illustration that 
the industrial psychologist recommends the elimination of 
standard employment procedure. He fully recognizes that a 
£ood personnel man will detect all of the obvious, and many 
of the subtle, reasons why some applicants should, and others 
should not, be placed upon a specifie job. But experiments 
clearly show that even the best personnel mer cannot deter- 
mine the muscular co-ordination or dexterity of an applicant 
from a general interview or from an examination of his or her 
hands. Many if not most industrial jobs call for a combina- 
tion of certain basic capacities that cannot be detected at the 
time of employment without special technique and, often, 
standardized test procedures. These basic capacities, many 
of which are measurable at the time of employment, are 
related to future productivity, accuracy, accident proneness, 
promotion, versatility, tenure with the company, and many 
other factors that differentiate a profitable from a nonprofit- 
able employee. One of the major functions of this book will 
be to show how these basic factors affect the development of 
an employee and to cite a number of illustrations of the use of 
selection and placement tests in industry. 


B 
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The Interview and Related 
Employment Methods 


EMPLOYMENT directors recognize many of the facts con- 
cerning individual differences diseussed in the preceding 
chapter. If an applicant has training or successful work 
experience in à certain area, every effort is made to place him 
on a job where both he and the company will profit from the 
utilization of his particular experience and skills. Likewise, 
if a job requires a person with certain physical, mental, or 
personality characteristics, a man possessing the required 
characteristics is sought. One of the major functions of the 
personnel manager is to recognize individual differences in 
people and in job requirements, and to make every reasonable 
effort to match men and jobs. 


The Interview 


As aids in effectively matching men and jobs, several basic 
methods or tools are available to the employment man. 
These tools are related to each other and usually are used in 
a given sequence by the employment department. One 
sequence often used runs as follows: 

1. Application blank 

2. Preliminary interview 

3. Medical examination 

4. Occupational tests 

5. Final or employment interview 
Not all plants follow this order, nor do all plants use all the 
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steps mentioned, in their employment procedure. Every 
plant, however, uses the interview, which is the oldest and 
still the most widely used of all employment techniques. 
Even though many studies have been published showing that 
information obtained through the interview is often inaccu- 
rate,’ that interviewers of presumably equal competence 
sometimes disagree markedly in their judgments of appli- 
cants,? and that the interviewer's judgment of an interviewee 
is often unduly influenced by the latter’s physical character- 
isties,? the interview as a basic method still continues to be 
widely used. This continued use should strongly suggest 
that the interview, in spite of its limitations, occupies an 
important place in the majority of employment offices. It 
would thus seem that, in spite-of the possibilities of error 
inherent in the interview as a technique, it has certain advan- 
tages that account for its long-continued use. It is sound 
industrial relations for every job-seeker to have an opportu- 
nity to speak at first hand with his prospective employer 
(or a representative of his prospective employer) and to be 
given the personal attention that an application form or 
employment tests cannot give. Because of these basic 
considerations, it is advisable to correct as much as possible 
the attendant weaknesses of the interview, rather than to 
eliminate it, especially since with it will also go the accompa- 
nying opportunity to obtain the good will of the applicant 
(and, through the applicant, of the community) for the 
company. 

A number of principles have emerged from the many 
investigations that have been conducted to explore the inter- 


1 S. A. Rice, “Contagious Bias in the Interview: A Methodological Note,” 
American Journal of Sociology, XXXV (1929), pp. 420-423. 

? D. A. Laird, The Psychology of Selecting Employees, third edition (MeGraw- 
Hill Book Company, 1937), pp. 101-102. 

3 C. Landis, “The Justification of Judgments,” Journal of Personnel Research, 
IV (1925), pp. 7-19. S. A. Rice, “Stereotypes,” Journal of Personnel Research, 


V (1926), pp. 267-276. 
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view. Adherence to these principles has been found to 
improve the value of this tool of employment. 


Training the interviewers j 


Interviewing is like any other skill—it does not come to one 
“naturally,” but must be learned through instruction and 
practice. And like any other skill, it will not develop properly 
from “practice” alone if the practice is not properly directed 


DO TABLE 2 


SUGGESTIONS ro FOLLOW IN PREPARING TO CONDUCT AN EMPLOYM 
IwTERVIEW 

1. Decide just what you want to accomplish. What facts do you want to 
obtain? 

2. Know your interviewee. Have you obtained, prior to the interview, all 
necessary information about him from other sources, such as the application 
blank? 

3. Make appointments. "The applicant will judge the company by your reli- 
ability in making and keeping the interview appointment. 

4, Provide for privacy. Remember, the interview is important to the appli- 
cant. He deserves private and courteous consideration. 

5. Practice taking the interviewee’s point of view. This attitude will help the 
applicant to overcome any tendency to be unduly nervous or apprehensive. 

Examine and discount your own prejudices. Do not let your judgment be 

influenced by prejudice or bias. 

Gain and deserve the interviewce's confidence. Unless the interviewee 

has confidence in you, he may not give the information you want. 

Establish pleasant associations; they will help in establishing confidence. 

Render your interviewee a real service. Whether or not you hire the 


applicant, he will appreciate sound counsel and advice. 
ase and ready to talk. Begin with a 


Help the interviewee to feel at e: ] 
llow time for the interviewee to become 


pleasant topic of mutual interest, a 1 
accustomed to his surroundings, and ask questions that will permit him to 


show pride in his knowledge. . 
11. Listen. The importance of this point cannot be too strongly emphasized. 


Remember that you learn little about the interviewee while you are talking. 

12. Allow enough time for the interview. If you rush through it, or put pres- 
sure on the interviewee, you will not see the latter under normal conditions. 

13. Do not dawdle. While the interview should not be rushed, neither should 
irrelevant topics be allowed to drag it out after the business is over. 

14. Keep control of the interview. Channel it back to the business at hand if 
it goes ‘‘off the course." 

15. At the close of the interview, watch for additional information or new leads 
in the casual remarks of the interviewee. Remember that you may learn 
something about the applicant after you have said ‘‘good-by.” 


OD Se ow Ge 


4 Adapted from W. V. Bingham and B. V. Moore, How to Interview, third 
edition (Harper and Brothers, 1941), pp. 29-55. 
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toward the desired goal. Bingham and Moore have listed a 
number of general suggestions that should be followed in 
conducting an interview, together with a discussion and 
explanation of each suggestion. The suggestions of Bingham 
and Moore that are particularly pertinent to the employment 
interview are summarized in Table 2; they can be used effec- 
tivelv as a guide in training employment interviewers. 


Supplements to the Interview 

Most interviewing is markedly improved if use is made of 
facts obtained from various other sources before the applicant 
is given the final employment interview. A short, prelimi- 
nary interview is usually advisable, but then the facts from 
other sources should be assembled and made available to the 
interviewer before he conducts the final interview in which a 
decision on employment is reached. 

Among the reasons for obtaining additional facts from 
other sources is the circumstance that some things about an 
applicant are readily and accurately revealed in an interview, 
while other characteristics are revealed in the interview very 
incompletely, or perhaps not at all For example, an inter- 
viewee quickly shows whether he has a pleasing smile, effec- 
tive speech and voice, and a general air of confidence. It is 
not so easy to determine by the use of standard interview 
technique whether a man can operate a milling machine, read 
a micrometer, or find the trouble in a defective machine; or 
whether a girl can type accurately, add a column of figures 
correctly, or avoid mistakes in spelling. This fact—that the 
interview is a “natural” for determining certain character- 
istics but a rather ineffective method of determining others— 
should be kept in mind when one discusses the “validity of the 


It would seem to be a mistake to make a single 


interview." 
Its value 


over-all evaluation of the interview as a method. 
depends on the interviewer (a point already discussed) and 
also upon the kind of job he is attempting to fill. For 
example, the very same personal characteristics that enable 
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an applicant to make an excellent impression on the inter- 
viewer will frequently enable him to make an excellent 
impression on a prospective customer, if he is hired as a 
salesman, owing to the fact that the interview often taps the 
same personal characteristics that successful job performance 
as a salesman requires. But the traits that make a good 
impression in an interview are often far removed from those 
required for successful job performance as a laboratory 
technician, an assembler, or a machine operator. Thus a 
certain type of interview might be highly satisfactory in 
selecting employees for one job and far from satisfactory in 
filling another. 

To increase the effectiveness of the interview, it is usually 
advisable to supplement the information obtained directly 
from the applicant with information obtained from other 
sources that will be discussed later in this chapter. While 
true of all interviewing, this fact is particularly important in 
connection with jobs requiring specific skills, education, or 
basic training. 

Information that should be available to the employment 
interviewer may be divided into two broad classes—informa- 
tion about the job and information about the man. 


Information About the Job 
Basic information about the requirements of the job to be 
filled may be supplied to the employment interviewer from 
one type of job analysis, namely, job analysis for personnel 
specifications. 


Job analysis for personnel specifications 

This type of job analysis results in a specific list of quali- 
fications that a man should have in order to fill the job satis- 
factorily. The term job analysis, however, is used to refer to 
several other procedures in common use as managerial tools.® 


A Resumé and Bibliography," Journal of 


5J. E. Zerga, “Job Analysis; oer, 


Applied Psychology, XXVII (1943), pp- 
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It is therefore advisable to define briefly what is meant by 
the major types of job analysis: ` 

1. Job Analysis for Personnel Specifications. A determi- 
nation of the main characteristics (physical, mental, educa- 
tional, and so forth) that a man must have to fill a particular 
job satisfactorily. This is the type of job analysis that is used 
primarily by the employment man. It will be discussed in 
more detail later in this chapter. 

2. Job Analysis for Training Purposes. A listing, in 
order, of the specific steps to be taken in teaching a job to a 
new employee. This type of job analysis will be discussed in 
detail in Chapter 8 on Industrial Training. 

3. Job Analysis for Setting of Rates. This type of job 
analysis is usually referred to as job evaluation. Its purpose 
is to set rates or rate ranges for various jobs, so that each is 
'*jn line” with the others in terms of their respective require- 
ments and demands. Job evaluation has become a very 
important managerial tool and will be discussed in some detail 
in Chapter 11. 

4. Job Analysis for Methods Improvement. This type is: 
the result of the use of several techniques, primarily motion 
and time studies, by an industrial engineer charged with.the 
responsibility of analyzing methods of job performance: in 
order to simplify the work layout, eliminate unnecessary: 
motions, and make the job a simpler and more convenient. 
task to perform. This type of job analysis will be discussedi 
in Chapter 12. 

Still other meanings are sometimes attached to the phrase- 
“job analysis," as Zerga* has pointed out in his resumé, but. 
the four types mentioned above probably illustrate the most. 
commonly encountered meanings of the term. It should be: 
kept in mind that these four types of job analysis are quite- 
different processes—different in method used, in purposes, 
and in results. It is unfortunate that the single term job: 
analysis has come to be used with reference to all four proc-- 


5 Ibid. 
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esses, for this indiscriminate use often creates confusion in 
thinking. One man using the term may be referring to rate 
setting; another, using the same term, to personnel specifi- 
cations. A misunderstanding, therefore, may arise that is due 
to different interpretations of the term rather than to any 
basic disagreement in intent or purpose. 

Of the four meanings of the term job analysis mentioned 
above, the one of primary concern to the employment man is 
job analysis for personnel specifications. Some jobs require 
a tall man; others can be done equally well, or perhaps even 
better, by a short man. Some require considerable physical 
strength; others do not demand much physical effort. Some 
require keen vision at specific distances; others are relatively 
independent of visual skills. Some require arithmetical or 
computational ability; others require little or no educational 
background. Before a man can be adequately considered 
for any specific job, the employment man must have available 
specific information on what characteristics a man must have 
in order to fulfill the requirements of that particular job. 
These personnel specifications can be identified only by a 
careful study of the job. The first step 1n this process is to 
obtain a thorough job description, i.e., a detailed statement 
of what must be done by the man on the job. The job 
description should be prepared by someone who is familiar 
with the actual job and who, in addition, has obtained as 
much information as possible from the supervisors of the job 
in question, from operators employed on the job, from time- 
study engineers, and from safety men. It should be empha- 
sized that the job description is the foundation on which, for 
the most part, further efforts toward job analysis are based. 
If the job description is incomplete or inaccurate, any state- 
] specifications stemming from it will also 


ment of personne Eni J 
And if job evaluations (dis- 


be incomplete or inaccurate. 


‘cussed in Chapter 11) are based on faulty job descriptions, 


no system incorporating them will result in a serviceable and 


equitable set of rates for the various jobs. 
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ELECTRICAL REPAIRMAN? 


Job Summary 
Installs, tests, and services the electric light and power distribution cir- 
cuits, equipment, and appliances, being responsible at all times for 
the efficient operation of assigned equipment. Works from blue- 
prints, written specifications, or oral instructions, or independently 
exercises judgment based on knowledge and experience in determining 
details of the work. Supervises two helpers. 
Work Performed 
Duties range from simple wire installation to the installation and main- 
tenance of complicated motor and power equipment. Typical tasks 
of the job follow: 

1. Installs new equipment for building additions and alterations: 
Measures, cuts, bends, and assembles cable, conduit, and wire, 
pulling the wires and cable through the lengths of conduit with a 
fish tape or steel snake, and installs the wiring in floor, ceiling, and 
wall frames before concrete is poured or before the siding and 
plastering is put in place; fastens into position such equipment as 
panel boxes, outlet boxes, switch boxes, and fixtures, performing 
the tasks as the construction advances; makes final connections to 
join system with power line, when construction is completed, and 
closes switches to put new system into operation. 

2. Installs and connects motors, fixtures, and appliances: Fastens 
such equipment as motors, transformers, light fixtures, electric 

. heaters, food mixers, and circuit breakers into position, drilling 
holes for bolts, shaping and fitting bus bars, and making final 
connections to the bus bars and wiring system by skinning wire 
ends and making permanent contacts with solder or patent fast- 
eners; closes main switches and tests installation, making adjust- 
ments that are required. 

3. Repairs lines, appliances, and equipment: Inspects circuits for 
defects, using such instruments as ammeters, voltmeters, and test 
lamps, or locates defects concerning which complaints have been 
received; remedies faults by performing such tasks as replacing 
defective wires, cleaning or renewing imperfect contacts, replacing 
burned-out elements, fuses and light bulbs, repairing or replac- 
ing switches, and tightening loose connections. 

4, Reads and records meter readings periodically and reports to the 
management the amount of light and power current consumed. 

5. Required to keep records of time consumed at tasks, material 
used, and appliances installed. 

Equipment Used i . 

Ammeter: An instrument used for measuring electric current. ] 

Fish tape (steel snake): A flat, tempered, spring-steel tape or wire used 

in pulling electric wires and cables through conduit. 


7 Based upon job description of Electrical Repairman 4-97.420, from Job 
Descriptions for Industrial Service and Maintenance Jobs (United States Govern- 
ment Printing Office, 1939), pp. 9-11. 
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Testing lamp: A light bulb, connected to a pair of wires which are 
brought into contact with electric terminals or parts of equipment or 
wires in order to determine the presence of electrical potential by the 
glow of the bulb. 

Voltmeter: An instrument for measuring, in volts, the difference of 
potential between different points of an electrical circuit. 

Working Conditions 

Works inside and outside when repairing light and power lines that con- 
nect various buildings. 

The worker is subject to electric shocks and burns and liable to injury 
from falls from ladders or scaffolding. 

Relation to Other Jobs 

Promotion from: ELECTRICIAN APPRENTICE, or from job on which the 
worker has received equivalent experience. 

Promotion to: BUILDING SUPERINTENDENT; CHIEF ELECTRICIAN; MAs- 
TER ELECTRICIAN 


Specialized Qualifications " 
Experience on the same job, or as an ELECTRICIAN APPRENTICE, or on a 


job on which the worker has received equivalent experience, is 
required. dea. 

Must have a knowledge of electrical and building codes and regula- 
tions, and of safety laws. . ] i 

Required to interpret blueprints and written specifications. 

Special Information 
Worker furnishes tools. 
License is required. 


It should also be emphasized that the use of abbreviated 
job descriptions or mere job titles (a job title is simply a very 
short abbreviation of a description) is entirely inadequate 
for any type of satisfactory job analysis. If a job title only, 
or an abbreviated job description, is used, the details of the 
job must be supplied from the experience (or imagination) of 
the job analyst. Under such circumstances it is not strange 
that his efforts do not always result in a satisfactory analysis. 

A number of typical and detailed job descriptions have 
been published in pamphlet form by the United States 
Department of Labor and the United States Employment 
Service.? The (slightly modified) job description on page 30 
illustrates one of the scores of those to be found in these 


United States Government publications. 


8 These publieations are summarized by C. L. Shartle, Occupational Informa- 
Lion (Prentice-Hall, Inc., 1946), pp. 81-87. 
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The preparation of job descriptions requires training, 
experience, and attention to detail. Shartle? has given an 
excellent list of suggestions to be observed in preparing these 
descriptions: : 

1. Always be accurate in what is expressed. The facts are 
what is required. 

2. In describing an occupation omit words which are worker 
attitudes unless it is specified that you are reporting attitudes of 
workers. Such words include monotonous, uninteresting, interest- 
ing, pleasant, distasteful, and the like. Whether a job is monoto- 
nous or interesting depends upon the worker, it is not the occupation. 
One person may find being an executive uninteresting while another 
may thoroughly enjoy a repetitive task. The writers of occupa- 
tional information are usually “white collar" workers who may tend 
to read their own attitudes into the job descriptions. 

3. If you are describing an occupation or field of work be sure 
that you cover it entirely unless you indicate otherwise. That is, 
do not describe one phase of an occupation and give the impression 
to the reader that you are covering it all. 

4. It is permissible to write occupational information in an 
interesting fashion but do not try to make the job interesting beyond 
giving the facts, otherwise persons may be attracted to the occupa- 
tion who are not really interested in it. 

5. Write simply and explain technical terms. Most readers 
will not be nearly as familiar with the job or occupation as you are. 

6. Use a carefully chosen systematic outline of major and minor 
topics to be covered. This applies whether the material is a short ` 
description or a lengthy monograph. ` 

7. Write concisely and give sufficient detail to meet the needs, 
but neyer pad and do not skimp on important items. 

8. Try out examples of write-ups on the persons who will use 
the information and obtain their suggestions for improvement. 

9. Follow up the use of the descriptive materials and constantly 
attempt to improve them. 

10. Put the date of completion on each description. Revise it 
as often as changes in jobs and the occupation require. In using 
source material indicate the date it was gathered. 


One method of making information from the job descrip- 
tion conveniently available to the employment interviewer is 


? Shartle, op. cit., p. 77. 
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to construct for each job a template or job requirement profile 
that may be placed over the master profile. Figure 13 shows 
an example of a template of this sort, together with an employ- 
ment application form. When the form is viewed through the 
template only the items of information pertinent to the job in 
question are visible to the employment interviewer. 


ployment interviewer in evaluating appli- 
(Reproduced by courtesy of the American 
om W. F. Wood, “A New Method of Reading the 
" Journal of Applied Psychology, XXXI [1947], 


Fic. 13— Template for use by emp 
cation form for turret lathe operator. 


Psychological Association fri 
Employment Questionnaire, 
pp. 9-17.) 


Statistical analysis of personnel data 

Personnel specifications prepared from job descriptions 
may frequently be supplemented by information obtained 
from statistical studies to bring out a clear picture of certain 
physical or educational requirements of a job. To illustrate: 
Recently a laundry was having trouble on labor turnover 
among pressers. The job description did not reveal any 
physical, mental, or educational requirements that could not 
be met by any normal and physically healthy girl. Yet a 
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majority of the women hired stayed on the job only a very 
Short time, often leaving without notice. ` 

An analysis of certain personnel data for a group of 
employees who stayed on the job and another group who left. 
after short employment revealed the facts tabulated in 


Table 3. 
TABLE 3 
PERSONNEL Data oN Women EMPLOYED AS Pressers IN A LAUNDRY 


Those Employed More Those Who Worked Less 


than 8 Months than 6 Weeks 
RS c— | EE 
Average uge when hired... 27.2 years | 22.2 years 
Average height........... 5' 2,3" | 5' 8.7" 
Average weight...... A 145 Ibs. | 125 Ibs. 
Average years of school.... 9.3 years 9.9 years 


The obvious interpretation of facts brought out in Table 3 
should not be applied indiscriminately to laundries in all 
localities because labor and personnel conditions may, and 
frequently do, vary greatly from one locality to another. 
But for the time and locality in question, it seems ratlier clear 
that the employment man should seek as pressers women who, 
when compared with the average, are older, shorter, heavier, 
and have had less formal education. 

This kind of analysis of personnel characteristics fre- 
quently yields clearcut information concerning personnel 
specifications that is not apparent from a study of the job or 
even from a very accurate job description. Nor is one 
limited, as in the illustration given above, to analysis of tenure 
on the job as the only means of determining the character- 
istics of the satisfactory employees. Any one of the measures 
of job success discussed on pages 53-55 may be used in this 
kind of analysis of personnel data 


Jobs for the disabled 
One of the facts brought out by a satisfactory job descrip- 
tion is whether the job can be performed by a man with any 
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given physical handicap. Many plants have prepared check 
lists of their jobs against the more common types of physical 
disability, so that the employment interviewer has before 
him an exact statement of the physical disabilities that can 
safely and practicably be allowed in a man on a particular 
job. An example of this sort of job analysis is illustrated in 


Fra. 14—Job analysis for identifying jobs that can be performed by partially 


disabled men. (Courtesy of the International Business Machines Corporation.) 


Figure 14. This chart and the job analyses on which it is 
based were prepared by the International Business Machines 
Company. The chart in its entirety includes information for 
forty different jobs. In the part of the chart reproduced here 
for illustrative purposes, the occurrence of anxin the column 
for a particular job indicates that the specified physical handi- 


cap may be permitted in a man on that job. 
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The complete analysis of forty-five jobs revealed that 
every one of these jobs would permit at least one of the speci- 
fied physical handicaps, and that many of the jobs could be 
performed properly by employees with several of the disabil- 
ities. For example, seven physical handicaps could be 
allowed in an assembler, and eight in an operator on a certain 
part of a coil assembly. 

Information of this sort is of value as a means of increasing 
the potential pool of satisfactory employees. To the employ- 
ces and to the community it is also of value in identifying 
suitable work for the many persons who, although their 
livelihood depends upon work, in many instances have been 
denied employment because of arbitrary (and sometimes 
unreasonable) standards of physical fitness. 

A similar point of view has been adopted in the extensive 
work of Hanman,'? who clearly outlines the procedures to be 
followed in analyzing jobs for their physical requirements and 
summarizes the results for a wide variety of jobs. 


Information About the Applicant 
In addition to information about the job or jobs to be 
filled, the interviewer should have available as much signifi- 
cant information as possible about the applicant. While 
certain information can and should be obtained during the 
interview, other information can often be obtained more 
conveniently and more accurately by other means. 


The application form 

The application form, as the name implies, is intended to 
obtain information about the applicant that will reveal certain 
facts concerning his employability. The employability of an 
applicant may, and frequently does, vary from one company 
to another, from one community to another, and even from 
time to time in the same company and community. Com- 


10 Bert Hanman, “Matching the Physical Characteristics of Workers and 
Jobs,” Industrial Medicine, XIV (1945), pp. 405-430. 
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pany policy may restrict employment according to certain 
principles that vary legitimately from one company to 
another. The application form obtains information that tells 
the interviewer whether the applicant meets the specifications 
stipulated by company employment policies. 

The application form usually asks for certain facts con- 
cerning education and other formal training, previous 
employers, and work history, and for related information 
concerning the applicant's previous connections and activities. 

The basie assumption underlying the use of an application 
form as one of the tools of the employing official is that the 
information obtained is significant in indicating something 
about the potential value of the applicant as an employee of 
the company. It would seem logical, therefore, that all 
questions to appear on the application form be carefully 
selected, so that only questions eliciting significant informa- 
tion are included. However, even a cursory examination of 
any sample of application forms in current use selected at 
random strongly suggests that frequently no such care has 
been given to the selection of questions included on these 
forms. Many forms are lengthy documents, and most 
employment men will admit that little or no use is made of the 
answers to many of the questions that appear on them. 
Often, in such instances, the application form consists of E 
compilation of questions asked on other forms, with the addi- 
tion of any other questions that may occur to the members of 
a managerial and industrial relations committee appointed 
to recommend an application form. " ] 

The use of an unwieldy form consisting of a long list of 
questions (many of which do not yield information really 
related to the potential job success of the applicant) is open 
to criticism for several reasons. Applicants are not favorably 
impressed when they are asked immediately for a considerable 
amount of personal information about themselves that they 
feel (often correctly) should be of little concern to the com- 
pany, inasmuch as it is not related to their qualifications for 
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the job. A second disadvantage of a long application form, 
which asks for much unimportant information along with a 
smaller amount of significant information, is the fact that the 
interviewer has no means of determining what information 
is important. He may, therefore, arrive at a decision con- 
cerning the applicant that is unduly influenced by the latter's 
answers to questions that are not important and that should 
not have been included on the form. A third objection to 
the long application form arises from the fact that long forms 
frequently require information about matters extending far 
into the past. An applicant cannot always remember such 
details about jobs he held ten years ago as the names of his 
employers, his wages, and so forth. In order to fill out the 
form completely, he guesses as best he can, and this guesswork 
may affect his efforts to be conscientiously honest in filling 
out those parts of the form that cover matters he can remem- 
ber more accurately. 

The considerations discussed strongly suggest the advisa- 
bility of using an application form that asks only for informa- 
tion really pertinent to the employability of the applicant. 
A satisfactory decision as to what questions to include cannot 
be reached solely by comparing the forms used by other 
companies nor by accepting blindly the judgments and 
suggestions of the members of a committee. A Satisfactory 
decision on the content of an application form usually requires 
a simple but accurate statistical comparison of the later 
success or failure on the job of employees who give different 
answers to various questions. 

This process requires time, but it is by far the best Means 
of developing an application form that obtains information 
of real significance to the later job success of the applicant. 
An example of its use will illustrate the principle. In the 
development of an application form for Prospective life 
insurance underwriters, a large number of questions were 
included on the form during its developmental Stage. As 
men were hired and placed on the job (without Reber: ds 
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the information obtained by the form), the facts concerning 
which questions asked on the form were pertinent and which 
were not were revealed. It was found, among other things, 
that 66 per cent of the married men with dependents suc- 
ceeded on the job, whereas only 40 per cent of the single men 
without dependents achieved the same degree of job success.!! 
'Thus, other things being equal, a married man with children 
has 66 chances in 100 of succeeding in this type of work, while 
a single man has only 40 chances in 100 of attaining success. 

Many items of information that seemed to be of importance 
did not, in the trial, distinguish the successful employees 
from the unsuccessful. The information items finally retained 
on the form were therefore reduced to those that were proved to 
be related to job success. In the case of the information con- 
cerning marital status referred to above, applicants were 
asked whether they were married and had children not because 
someone thought this information was related to job success, 
not because the form could not be considered complete 
without it, and not because it was obtained from one or more 
forms that other companies had used or were using. This 
information was included on the form for one and only one 
reason—namely, that the sales records showed conclusively 
that married men with children sold more insurance then single 
men. 

Another comprehensive series of studies using this method 
of analysis of personnel data of life insurance salesmen has 
been directed by A. L. Kurtz’? and reported in part in manu- 
als? of the Life Insurance Sales Research Bureau. This 
work has resulted in the Aptitude Index, a combination 
personal-history chart and psychological test, which provides 


11 Verne Steward, The Use and Value of Special Tests in the Selection of Life 


Underwriters (Kellaway-Ide-Jones Company, Los Angeles, California, 1934), 
p. 65: A. L. Kurtz, Selection of Agents (Life Insurance Sales Research Bureau, 


ar ‘onn., 1937). " ; 
Het pee. 2 un Rating Plan in Use (Life Insurance Sales Research 


Bureau, Hartford, Conn., 1938). 
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a more accurate prediction of potential success in this field 
of selling than had previously been available. "The personal- 
history chart covers only 10 items. These were chosen after 
thorough statistical study of 24 personal-history items of 
10,111 men employed as full-time agents over a three-vear 
period. : . ` 

One item included in the final personal-history chart deals 
with the number of different clubs and lodges to which the 
applicant belongs. One item not included in the final chart 
(although it appears in many application forms) is the number 
of years of formal education the applicant has had. The 
reason for including the item on clubs and lodges, and mot 
including the item on education, may be seen from an exami- 
nation of Tables 4 and 5. The data summarized in Table 5 
show that amount of education is not markedly related to 
success in this particular type of selling. 

This conclusion is brought out most clearly by the last 
columns of the two tables, which show the amount of insur- 
ance sold per 100 new employees in each of the categories of 
formal education and lodge membership. The data show 
that the number of clubs and lodges to which the applicant 
belongs is much more markedly related to job success than 
is the amount of formal education he has had. This kind of 
analysis of each personal-history item studied resulted in the 
identification of those particular items that are related to job 
success for this type of selling. The data on clubs and lodges 
and the data on education are discussed here to illustrate 
one method of analysis of personnel data. 

These data should not be interpreted as proving (or even as 
suggesting) that the relative importance of these factors for 
suecess in other types of work would be the same as that 
revealed by these studies. It is entirely possible that the 
importance of the two factors would be reversed if some other 
type of work, or even some other type of selling, had been 


studied. 
The examples given above have been discussed in some 
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detail to emphasize the value of a method that will almost 

invariably result in a short application form, one that is: 

concerned only with significant information. The discussion 

is not intended to imply that data on marital status, depend- 

ents, elubs and lodges, or education are certain, or even 
TABLE 4* 

RELATION BETWEEN NUMBER OF ORGANIZATIONS (Cruns, LopaEs, Erc.) THE 
AGENT BELONGS To AT Time or EMPLOYMENT AND His SUBSEQUENT 
Success as a Lire INSURANCE AGENT 
Average sales Per cent sur- 
of two-year viving for two 


Number of Number of Per cent of survivors years times 
organiza- agents agents surviv- for two sales for the two- 
tions hired ing two years years year period 
0 373 11 $112,000 $1,232,000 
J 1404 12 91,000 1,092,000 
2 651 16 91,000 1,456,000 
E] 260 26 103,000 2,678,000 
4 or more 152 24 166,000 3,984,000 


* The data in this table and in Table 5 are taken from material furnished in a 
personal communication from Dr. A. L. Kurtz. 
TABLE 5 
RELATION BETWEEN AMOUNT OF FORMAL EDUCATION AND SUBSEQUENT SUCCESS 
or New Lire Insurance AGENTS 
Average sales Per cent sur- 
of two-year viving for two 


Number 
years Number of Per cent of survivors years times 

schooling agents agents surviv- ie i ii bicis ad 

completed ^ ing ee years $129,000 s ; A "000 
Si 379 13 89,000 1,157,000 - 
u yI 11 123,000 1,353,000 
E. E 13 104,000 1,352,000 
g MH 13 94.000 1,222 000 
15 270 14 143,000 2,002,000 
16 3,567 15 122,000 1,830,000 
17-22 ` 108 16 135,000 2,160,000 


likely, to be of significance in filling other jobs. But an 

analysis of the type described will show whether such informa- 

tion is important, and also what other types of information 
re a: i rtant. 

dern ib Inform that is known to be of value 

to the employment interviewer, certain additional informa- 

tion is always needed by the company for its personnel 
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records, including such items as social security number, 
address, and telephone number. The application form should 
of course provide for the recording of personnel information 


of this sort. 


Work history 

Information concerning an applicant's work history is 
often of value to the employment interviewer, largely because, 
other things being equal, what a man has done in the past is a 
rather good indication of what he will do in the future. 
Many of the most accurate methods of predieting human 
behavior are based on this principle. 

Work-history information is often obtained most con- 
veniently from the application form. The same rules to be 
followed in deciding what to ask that have been discussed in 
the preceding section should therefore also be applied in 
evaluating the significance of work-history information. An 
example of the results of this type of analysis applied to the 
latter has been published by Steward!‘ and is summarized, 
in part, in Table 6. 

The results in Table 6 show that in selecting men for this 
type of selling, men with prior work experience in such fields 
as real estate selling, sales management, and other occupa- 
tions appearing near the top of the list, have a much greater 
chance of success on the job than do men with previous 
experience in fields appearing near the bottom of the list. 
Previous experience in fields indicated near the center of the 
list is not related either positively or negatively to success in 
selling life insurance. The use of information of the sort 
summarized in Table 6 is of considerable value to an inter- 
viewer in evaluating an applicant’s work history in relation to 
possible success on the new job. 


4 Verne Steward, Selection of Sales Personnel Reports, Bulletin 1 January 
1947, p. 2. (Distributed by Verne Steward & Associates, Box 226, South Gate, 
California.) i á 
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TABLE 6 
RELATION OF TYPE or Prior EXPERIENCE TO SUCCESS IN Lire INSURANCE 
SELLING 
Previous Occupation r Degree of Relationship 
Real est. salesman.......... 7l 


.67 High overlapping 


Sales manager... 
.35 (Favorable occupations. 


Advertising mgr. 


Lawyer... cc os os .22 Many qualify for life 
Social sci. teacher. . .19 insurance) 
Banker........... 18 


Y.M.C.A. secretary 
Pub. utility sales. 
City school supt. 
Personnel mgr..... 
President mfg. co " 
Office worker.......... 


-15 Med. overlapping 


.04 Low overlapping 


Purchasing agent 
Author-journalist. . 
Y.M.C.A. phys. dir 


L EEEEEEE 4 3 M 9 99 
e 


Minister............ 01 

Accountant.... 00 No relationship 
Musician...... — .05 

Artist........- —.07 

Osteopath. . . —.10 Slight aversion 
Policeman....... -.1l1 

Production mgr......-+++++ —.14 : 

DOGHORs a vis diea aeree cee —.26 Medium aversion 
Architect...... —.81 

Psychologist. —.32 

Dentist..... — .34 

Forest service.....- — .36 

Math.-sci. teacher. . - -E 

s ern a e ... —.50 (Unfavorable occupations. _ 
Carpenter... - —.53 Few qualify for life insur- 
Mathematician.....-- —.58 ance) 

Eng. (civil, mech.)... —.61 

Physicist........-- . —.69 . 
Chemist....... m —.71 Great aversion 


Letters of recommendation 

In employing men or women for many kinds of jobs, 
particularly higher-level jobs, great reliance is often placed 
upon letters of recommendation. Theoretically it would 
seem that a letter about an applicant written by a former 
employer, or by some responsible person who has been in close 
contact with the applicant, would provide a highly satisfac- 
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tory method of obtaining information that is accurate and 
comprehensive. To accomplish this result, however, the 
writer of the letter must be both able and willing to put into 
writing his full and frank opinion. Such ability and wilhng- 
ness are not always present, and there are even some circum- 
stances under which writers of letters about applicants are 
inclined to give something less than a comprehensive and 
accurate picture of an applicant. This fact is indicated by 
the results of a questionnaire survey of 100 sales managers, 
partially summarized in Table 7. 
TABLE 7 


Responses oF 100 Sates MANAGERS TO QUESTIONS CONCERNING Turin 
Practice IN WRITING LETTERS oF RECOMMENDATION! 
Questions Asked the Sales Managers % Yes %No 
In replying to a letter of inquiry from a prospective employer 
regarding the fitness of one of your former employees, 
Do you tell only the good things you can say about the man? 77 23 
Do you always give the employee the benefits of any doubts? 85 15 
Do you point out the man’s failings and weaknesses as well as 


his strong points? 

The unwillingness of many to write a full and frank 
statement is probably due in part to a natural reticence to 
put into writing comments that necessarily become a matter 
of record, and partly to the fact that the employer of an 
undesirable man may write for him a favorable letter in order 
to facilitate bis moving to another location. This subterfuge, 
however, is very poor personnel practice and is not encoun- 
tered frequently today. 

Letters of recommendation are not commonly used in 
plant and shop employment. The hazards of this tool, 
therefore, need be guarded against only occasionally by the 
plant employment interviewer, but he should be aware of the 
fact that such letters are not always complete and exact, and, 
when such letters are offered for his consideration, he should 
make every attempt to verify the information from as many 
previous employers as possible. - 


39 61 


15 By a New York Sales Manager, "To Whom it May Concern," Sales 
Management (October 1923), p. 9. 
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Personnel tests 

Personnel tests, when given and interpreted properly, 
constitute one of the most effective aids available to the 
employment interviewer. Such tests very often quickly and 
accurately reveal information about an applicant's skills, 
abilities, aptitudes, and interests that is very difficult to 
obtain by any other means. This fact does not mean that 
personnel tests constitute the final answer to the employment 
problem. Certain characteristics of an applicant that are 
important in determining potential success or failure on the 
job are not entirely revealed by any personnel tests that have 
been developed up to this time. But as a supplement to 
other employment techniques, and as an aid to the man 
conducting the employment interview, personnel tests have 
been proved in scores of practical situations to be many times 
worth their cost. 

The application of psychological methods in the develop- 
ment and standardization of personnel tests constitutes one 
of the most significant contributions of industrial psychology. 
The importance of this field, the great amount of attention 
that psychologists have given to it, the extensive research on 
tests that has been published in psychological and*personnel 
journals, and—perhaps, above all—the fact that a proper use 
and interpretation of personnel tests requires careful study, 
justify the rather extensive coverage of this subject contained 


in Chapters 3 through 7. " 


3 


General Principles of Employee 
Testing 


THE nature and significance of individual differences 
among industrial employees were indicated in the first 
chapter. Since every personnel man recognizes the existence 
of such differences, it is quite unnecessary for the industrial 
psychologist to re-emphasize the importance of proper 
employee placement. "The personnel procedures in use in the 
modern employment office have been installed primarily for 
the purpose of making a careful and adequate selection and 
placement of employees. The psychologist's function, rather, 
is to bring to the attention of the personnel manager those 
aspects of the theory and application of modern psychology 
that have been found helpful in the performance of this 
difficult task. 


General Concepts 


Testing supplemental to present employment procedures 


Many industrialists are skeptical about the use of psy- 
chological tests in employment because they do not wish to 
risk a change from present methods which are known to be 
reasonably satisfactory to new methods that have not been 
thoroughly tried in actual practice. Their skepticism is 
clearly justified. When psychological methods are used in 
an employment office they should always be looked upon as 
supplementing—not replacing—other methods that are in use. 
No psychologist who has thought at all about the problems of 
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modern industry would seriously suggest that present employ- 
ment procedures should:be eliminated. Indeed, many of the 
advanees that modern industry has made during the past 
quarter of a century can be traced directly or indirectly to the 
procedures now in use in every modern industrial employment 
office. But the fact that these methods, though excellent in 
many respects, are still not perfect is proved by the marked 
individual differences among employees which any study of 
differential production will reveal. A considerable amount of 
research, both in industry and in the laboratory, has shown 
that still further improvements in employment methods can 
be attained when psychological tests and methods are used 
as supplements to other employment procedures. Let us 
keep in mind this word "supplement." Psychological tests 
are among the tools that are necessary for the most effective 
selection and placement of employees. 


Selection or placement as the function of tests 


Employee tests have often been considered primarily as 
devices to aid in the selection of employees. This viewpoint 
is followed by the assumptions that (1) when tests are used 
systematically, many applicants will be rejected—that is, not 
employed at all—and that (2) unless there are significantly 
more applicants than there are jobs to be filled, the testing 
program loses its effectiveness. 

It is unfortunate that the selective rather than the place- 
ment features of employee tests have been given the greater 
emphasis in most discussions of this subject. Perhaps this is 
due to the fact that many industrial testing programs were 
inaugurated during the depression years of 1930 to 1935, at 
which time there was an unusual abundance of applicants for 
nearly every job. But in a period of emergency production 
there is usually not an abundance of applicants. Indeed, 
many industries find it necessary to relax all employment 
standards, including not only psychological test results (in 
industries where these have been established) but also stand- 
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ards dealing with medical and physieal requirements, age, and 
marital status. When a testing program has been installed 
on the basic premise that it is a selection program, the fact 
that it is also an excellent placement program is often for- 
gotten. Yet the value of a testing program in placing 
employees during a period of rapid plant expansion is fully as 
great as its value in selecting employees during more static 
periods. One of the most effective uses of a testing program 
that the writer has observed was in a war industrial plant 
that was hiring, as the medical director stated, “anyone 
healthy enough to walk into the plant." In this plant the 
sole purpose of the tests was placement of the many new 
employees on the specific jobs to which each was best adapted. 
The value of tests is by no means limited to situations in which 
there is an abundance of job applicants. 


Psychological methods are not infallible 


A further point which the advocate of testing procedures 
should make clear is his recognition of the fact that psycho- 
logical tests are not infallible; that they sometimes give results 

- that are not a true indication of the potential job success of 
the applicant. Any new procedure, whether in employment, 
production, advertising, or the like, should be evaluated in 
terms of not whether it achieves perfection, but whether it 
results in some improvement over methods that have preceded 
it. Thus,if the labor turnover in a given department has been 
25 per cent per year among employees placed by previous 
methods; if it is found that new employees placed by psy- 
chological tests show a turnover of only 20 per cent per year 
(all other factors which indicate a desirable employee remain- 
ing constant); and if the expense of administering the testing 
program is less than the amount saved by the reduction in 
labor turnover, the testing program would ordinarily be \ 
considered a sound investment even though it did not achieve 
perfection in reducing labor turnover to zero. Evaluation of 
a testing program should be made in terms of a statistical 
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comparison between the employment situation with the tests 
and the employment situation without the tests. This 
statistical comparison should include such factors as the 
productivity of employees, labor turnover, aecuracy and 
safety, ease of shifting employees to different types of work, 
ease of learning the job, and any other factors that may be 
indieative of a desirable employee. It seems only fair to 
evaluate a testing program in terms of averages rather than 
in terms of specific cases. This point is emphasized because 
unless one is careful he is likely to allow one serious failure in 
a testing program to outweigh the less spectacular though 
much sounder averages that really indicate the value of the 
method. 


Types of tests 

Tests that have been and are being used for employee 
placement may be classified in several different ways. They 
may be group or individual tests. The group variety may be 
given to almost any number of persons simultaneously, the 
only limitation on the number usually being seating and 


‘writing facilities and provision for adequate hearing of the 


instructions given by the group examiner before the test is 
begun. Examples of group tests are the Purdue Achievement 
Tests (see page 155), the Adaptability Test (see page 85), the 
Purdue Mechanical Adaptability Test (see page 107), the Otis 
Self Administering Tests of Mental Ability (see page 83), the 
Wonderlie Personnel Test (see page 84), and the Bennett 
Test of Mechanical Comprehension (see page 101). Indi- 
vidual tests, on the other hand, are given to one person at a 
time and usually call for the undivided, or nearly undivided, 
attention of the examiner while the test is being administered. 
The phrase *'nearly undivided attention” is used because in 
certain cases, as with the Purdue Pegboard Test of Manual 
Dexterity (see page 126), it is possible for an attentive 
examiner to test several persons simultaneously if the neces- 


sary sets of equipment are available. 
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Another classification of tests may be made according to 
whether they are instrwmental or paper and pencil. The 
former, as the name implies, make use of instruments and 
ordinarily are individual in nature. The latter make use of 
written responses and ordinarily are group tests. 

A very important division of tests may be made according 
to whether they measure aptitude or achievement. Aptitude 
tests measure whether an individual has the capacity or latent 
ability to learn a given job if he is given adequate training. 
Such tests are most useful when the majority of applicants 
for a certain job have had no experience on the job and when a 
relatively long period of training is required before their 
aptitude or lack of aptitude for the job will be apparent on 
the job itself. A good example of a job for which aptitude 
tests are particularly adapted is looping in a hosiery mill. 
This is a job which requires a year of experience, on the 
average, for complete mastery. New employees are usually 
hired directly out of high school with no previous experience 
on the operation of a looping machine or anything even 
remotely resembling it. Aptitude tests that have been found 
to be effective for this job deal with such factors as finger 
dexterity (see page 130) and certain visual characteristics 
(see page 207). Interestingly enough, the tests that “came 
through”! (see page 130) in no way resemble the actual looping 
operation; rather they measure certain basic capacities that 
are necessary for an efficient performance on that job. 

Achievement tests, on the other hand, measure how well 
the individual can do the job or what he knows about it at the 
time he is tested. Achievement tests are of greatest value 
when many of the applicants for a job have had, or claim to 
have had, experience on the same or a similar job in some 
other organization. For example, a standardized test of 
knowledge pertaining to a machine shop will quickly reveal 


1 The phrase "come through” means that the test scores are found signifi- 
cantly related to success on the job. 
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how much the applicant really knows about the machinery 
and operations in use in a standard shop. It is true that he 
may evidence considerable knowledge on such a test and still 
be a poor machinist because, for example, he lacks manual 
skill. But experience shows that if he reveals little or no 
knowledge on such a test he is exceedingly unlikely to be a 
good machinist. This type of achievement test, therefore, 
is of definite value in eliminating from consideration those 
who lack the basic information necessary for satisfactory 
performance on the job. Achievement tests, such as the 
punch press test described on page 150, may also be instru- 
mental in nature. 

Although the foregoing discussion may seem to imply that 
a given test may always be definitely identified as an aptitude 
test or an achievement test, this implication is not always 
valid. There are certain tests that, when they are used in 
certain ways, may most properly be considered achievement 
tests, but that, when they are used in other ways, are more 
properly classified as aptitude tests. For example, a standard 
typing test, such as the Thurstone Examination in Typing 
(see page 154), would definitely be an achievement test if it 
were used to select applicants for a typing job. This same 
test, however, might quite properly be considered an aptitude 
test if it were used as one element of a test battery designed 
to select teletype trainees, for in this latter case the typing skill 
the test measures is basic to the successful accomplishment of 
the trainee. It should be kept in mind that the basic dis- 
tinction between aptitude tests and achievement tests must 
be made in terms of the purpose the test is intended to serve— 
not in terms of the content of the test itself. 


Definition of terms 

The term capacity refers to potenti or latent ability. 
One might have high capacity for a certain skill although he 
may have none of the skill at the time of testing. Thus, one 
might have exactly the combination of keen vision at close 
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distances, finger dexterity, and mechanical ability necessary 
to become a watchmaker or repairer, but, if he has had no 
training in watchmaking, he might know nothing about the 
mechanism of a watch. It is always advisable to know how 
much capacity one has for a certain job before training is 
given on that job. Ordinarily those with capacity for the 
the job will learn quickly and efficiently; those without capac- 
ity for it will not. 

The term ability refers to developed capacity, or actual 
knowledge or skill already developed. One with little 
capacity might, if he has been given a great deal of training, 
show more ability at the time of testing than one with high 
capacity who has not been trained; but if the latter is trained 
he will soon excel the former. "Therefore, from a long-time 
viewpoint, it is more important to know the capacity of 
applieants before they are placed than to know their ability. 
For purposes of immediate addition of personnel who will get 
out some production, the opposite situation is of course true. 

A relationship may be inferred between types of tests and 
the definitions of capacity and ability given above. Aptitude 
tests ordinarily measure capacity; achievement tests measure 


ability. 
Testing the Tests—the Experimental Approach 


It is of utmost importance in any testing program to use 
only tests that have themselves been tested, or to make 
provision for testing the tests before finally accepting them as 
valid devices for employee placement. ‘Two general methods 
may be followed in testing the tests. One of these methods 
consists of measuring present employees and correlating the 
test results against whatever criteria of desirability in the 
employees may be available. The other method consists of 
testing new employees at the time of hiring, filing the test 
results, and later determining the relationships between the 
test results obtained at the time of hiring and the success of 
the employees on the job after they have been on the pay roll 
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for a period of time. Each of these methods of testing the 
tests has advantages and disadvantages. A long-time testing 
program should make use of both methods. Only by so 
doing can an employment manager hope to obtain the 
maximum benefits from a testing program. 


The criterion 

Both of the two basic methods of “testing the tests" 
require the use of a suitable criterion of employee desirability. 
It is therefore advisable to discuss what is meant by a criterion 
and to consider some of the criteria that have been used in 
personnel testing. 

A criterion is a measurement (entirely apart from any test 
results) of how satisfactory an employee is on the job. Unless 
and until one has criterion data on a group of employees, he 
has no yardstick, no standard, against which to check the 
test scores. Many different criteria have been used in testing 
personnel tests. There is probably no single criterion that is 
always to be preferred to any other. The choice of a criterion, 
or combination of criteria, must be made so as to indicate what 
management considers to be the most desirable type of 
employee. Thus the choice of a criterion is necessarily a 
judgment made by management, just as market predictions, 
distribution costs, and other similar factors must and should 
rest on managerial decisions. 

Among the criteria that have been used most frequently 
are the following: 

1. Production. If the other things listed below are equal, 
the production achieved by an employee is usually considered 
indicative of his value to the company. Unfortunately, 
however, there are countless hourly-paid jobs in industry for 
which no individual production records are available. When 
individual production records do not exist, production 
obviously cannot be used as a criterion. 

2. Quality of Work. If two employees are equal in 
production (or if they are both paid a day rate and their 
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measuring the value of an employee to the company. Any 
effort to “test the tests,” as described in the following sec- 


tion, must rest upon the acceptance of one or more criteria 
LI 


as a measure of job performance.? 


Testing the tests on present employees 

This method involves testing a group of employees 
and determining the relationship between test results and 
employee efficiency. When a plant begins, for the first time, 
a project of test validation that involves testing a large group 
of present employees, the question of the reaction of the 
employees naturally arises. Will they become anxious or 
unduly excited? Is there a possibility of the testing program 
causing worker unrest? In this book will be summarized 
research work and test results that have been obtained by 
testing hundreds of employees in numerous plants. Many 
of these plants were strongly unionized. In the union plants, 
several labor organizations have been represented. In no 
case has any trouble arisen either with employees or union 
representatives. Wherever the management has signed a 
union contract, representatives of the union are contacted 
and the project explained to them before actual testing is 
begun. Usually a mimeographed slip reading somewhat as 
follows is given to each employee: 

The Personnel Department is conducting a series of experi- 
ments. You have our assurance that this testing is being done to 
"test the tests" and that the results will not be used, now or later, 
in any way that will affect your standing with the company. 

PERSONNEL Director 

It should be emphasized that in using this method of 
testing the test, management should be utterly sincere in its 
plan to use the results only to test the tests. Under no 
circumstances should the test results be used as a basis for 
transfer or layoff, or for any other purpose detrimental to the 

? An excellent discussion of criteria by J. L. Otis has been published in 


Chapter V of W. H. Stead, C. L. Shartle, et al. Occupational Counseling Tech~ 
niques (New York: Ameriean Book Company, 1940). 
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employee or which he may believe to be detrimental. After 
a testing program has been thoroughly tried out and installed, 
many uses for the test scores may be made, uses that will be 

* advantageous to both emplayees and management; but in the 
“testing the tests" stage of the program, management should 
adhere scrupulously to its agreement not to use the results for 
any other purpose than the one stated. 

After the test results have been obtained, the results may 
be analyzed in several different ways. One method is to 
divide the employees into two groups according to whether 
they score above or below average on the test in question, 
and compute the average job performance criterion of both the 
"high-testing" group and the “‘low-testing” group. The 
criterion used to determine these scores is usually selected in 
conference with management (or at times with management 
and the union) from the list discussed in the preceding section. 
If a significant, difference between the scores of these two 
groups is shown, it may safely be assumed that the test is 
measuring something of importance on the job. Under these 
conditions it is usually desirable for the employment manager 
to know whether an applicant is in the high- or the low-testing 
group before the applicant is placed. 

Another, and even more effective, method of determining 
the relationship between the test results and employee 
efficiency is to determine the coefficient of correlation between 
the test scores and the efficiency of the employees. This 
method has numerous advantages over simply dividing the 
employees into a high-testing and a low-testing group. In 
the first place, it gives a more accurate indication of the 
amount of the relationship between test scores and efficiency. 
In the second place, it enables the employment manager more 
effectively to take advantage of the all-important selection 
ratio (see page 66) in using the test. In the third place, it 
makes possible the computation of the relative importance of 
several tests in an employment battery so that the tests may 


be “weighted” according to their importance. Finally, the 
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use of the correlational method makes possible the use of 
partial and multiple correlation to eliminate statistically 
whatever effect such factors as experience on the job or age 
may have had in determining the correlation between test 
scores and job performance. 

From the logical viewpoint, one objection to the “present 
employee" method of “testing the test” is that the test may 
be measuring something that is improved significantly by 
experience on the job. In other words, the test may be an 
achievement test rather than an aptitude test. Consider 
again the operation of looping in a hosiery mill. If a test is 
proposed which imitates the operation of a looping machine, 
it is almost certain that present employees will divide, in their 
ability to score well on this test, in much the same way that 
they have already divided in their ability to do the actual job. 
This simply means that the test, being in itself a miniature of 
the job, will divide the employees in much the same way that 
they have already been divided on the basis of the job itself. 
Such a test would have little value for placement of new 
employees unless the surplus labor supply included a large 
number of employees who claimed to have had looping 
experience in some other hosiery mill. Under ordinary 
circumstances, however, persons employed for this job are 
freshly out of school. They have had no experience in loop- 
ing, and their capacity for the job would not be measured 
effectively by a test of this type. Since none of them can 
loop at the time of employment, all of them, even those who 
are potentially the best employees if given the training, would 
score zero or close to zero on any test that calls for ability to 
loop at the time of employment. 

In testing tests according to this principle it is therefore 
necessary to be sure that the tests, in addition to dividing the 
employees according to their ability on the job, do not show a 
significant correlation with experience on the job. In other 
words, it is necessary to be sure that the employees who score 
high on the test are not scoring high simply because they have 
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had an opportunity to learn the skill being tested. Whether 
this is the case may be determined by correlating the test 
sgores with experience on the job. If the test is to be used 
later for employment and/or-placement it must satisfy two 
requirements. First, it must show a positive correlation with 
ability on the job. Second, the scores on it must not be 
appreciably related to experience on the job. When these two 
conditions are satisfied, it may be assumed that the test is 
not measuring something that is improved markedly by 
experience on the job, but that it zsmeasuring something that 
is necessary for adequate performance on the job. This 
reasoning applies only to aptitude tests, not to achievement 
tests. When tests of the latter type are used, a significant 
correlation between test scores and experience is to be 
expected and in no way reduces the value of the tests. 

If the test scores show some correlation with experience, 
the net relationship between test scores and job performance, 
after the effect of experience has been eliminated, can be 
determined by partial correlation. The procedure for com- 
puting partial correlations may be found in any standard 
textbook of statisties.? 

The foregoing discussion applies only in cases where the 
applicants have not had experience on the job for which they 
are being hired. If they have had experience, then an 
achievement test that is similar to the job or even a miniature 
(that is, the job itself in standardized test form) of the job 
may identify the best employees even more satisfactorily than 


an aptitude test. 
Testing the test on new employees—the “‘follow-up” method 


A second and, in general a more effective method of 


determining the value of a test, is to test the test on new 


employees. This method consists of giving the test, at the 


3 Henry E. Garrett, Statistics in Psychology and Education, third edition 
(New York: Longmans, Green, and Company, 1947). 
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time of employment, to a large number of employees whose 
placement has already been decided upon by ordinary 
methods of selection and placement. These employees are 
hired just as they have always been hired, but before they 
have been put upon the job or, in fact, beso they have been 
told that they have been selented for employment, they are 
required to take a battery of tests. "These tests at this time 
have no effect whatever upon whether the applicants will be 
hired. As already mentioned, it has been decided to hire 
those who are to be tested before the tests are given, but these 
employees are not informed of this decision. When this 
method of testing the test is followed, the test results are filed 
and, for all practical purposes, forgotten, until the employees 
have had an opportunity to show whether or not they are 
successful on the job. When sufficient time has elapsed so 
that it is known which of the employees have been successful, 
which average, and which unsuccessful, on the job, the test 
results are taken from the file and the statistician goes to work. 
His job is to determine the relationship between the test 
results obtained at the time of employment and the later 
success or failure of the employees on the job. The statis- 
tician makes use of one or more criteria of the type discussed 
on page 53 in determining the relationship between test 
scores and job success. The statistician may consider the 
wage earned by the employees, the amount of production, 
the proportion of working days the employee has been on the 
job, freedom from accidents, rapidity of learning the new 
job, ratings by supervisors on quantity and quality of work, 
tenure of the employee before layoff or resignation, or any 
other of several indications of success in an employee that 
a given company may feel to be important in its particular 
situation. 

This method requires more time than testing the tests with 
present employees. Frequently, it does not result in any 
proved tests until the program has been under way for several 
months or, in some cases, several years. Should the first 
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battery of tests selected for tryout prove entirely unsatisfac- 
tory, it is necessary to start the whole procedure over again. 
This involves the loss of a great deal of time. 

Fortunately, in practice the employment manager need not 
decide upon one or the other of the methods discussed and 
then limit himself exclusively to that particular method. He 
may proceed with both methods simultaneously. When this 
is done it is possible to produce a working battery of tests 
almost at once (by using the present-employee method of 
testing the tests) and to obtain still more evidence of the value 
of these tests as new employees are tested at the time of 
placement. This statement may seem to contradict itself 
because it may be argued that if a test is used for placement 
there will be no variation in the scores on this test among the 
new employees placed on any given job and, therefore, it will 
be impossible to correlate the scores with later success on the 
job. Actually, even though test scores are used as a basis of 
employment or placement, there will ordinarily be a sufficient: 
spread of scores on the test, even among employees who are 
hired for a specific job, to make possible the subsequent 
statistical evaluation of the test in terms of the follow-up 
method. Though the variability of the group of employees 
aced on any given job will be smaller than that of all the 
applicants, nevertheless the variability of all the applicants 
and the variability of the applicants who are placed on the job 
will be known and it will therefore be possible to determine 
on the basis of the follow-up method just how much the test 
n increases the efficiency of the placement procedure 


pl 


in questio 


for the particular job. m Ea 
The point to be emphasized throughout this discussion is 


that no one—whether he is an employment manager, a 
psychologist, or anyone else—can predict with certainty whi ch 
tests will be desirable tests for placement on any partieular 
job. Often a rather accurate estimate can be made; but it is 
to check this estimate against correlations 


always necessary 
: ance of the employees on the job 


between the actual perform. 
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and the scores which they made on the tests at the time of 
placement. 


Factors Determining the Functional Value of Selection Tests 


Several factors of both a practical and theoretical nature 
determine the functional value of a testing program in an 
industrial plant. 


1. When many applicants are being hired for a variety of jobs 


"Tests furnish a highly effective means of placing employees 
in the particular jobs for which each is best adapted. Thus, 
in the case of an assembly line, some jobs may require keen 
*near-point" vision, others manual strength, and still others 
good color vision. Sometimes still different factors or a 
combination of factors are involved. Even when there is no 
thought of using tests to ‘‘pick and choose" from among 
applicants, the placement value of tests during a period of 
rapid plant expansion is very great. Indeed, it is during such 
a period, when it is necessary to hire and place a large number 
of employees about whom relatively little is known, that tests 
are of greatest value to the personnel manager. 


2. Validity and reliability 


Further factors determining the value of tests are their 
validity and their reliability. A test is valid if it measures 
what it is supposed to measure. It is reliable if it measures 
something accurately and consistently. Much of the preced- 
ing discussion under the heading ''testing the tests" will be 
recognized as a means of determining the validity of industrial 
personnel tests. The industrial psychologist is in a favorable 
position with respect to determining the validity of his 
measuring instruments. He recognizes the need for a satis- 
factory criterion and is able to examine available plant records 
with this need clearly in view. When no satisfactory criterion 
is readily available, the psychologist often is able to assist 
management in establishing a criterion from existing records 
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or from new personnel or production data. While criteria 
are often established for the primary purpose of ‘‘testing the 
tests," once established, they often are found of real value for 
several other purposes such as the analysis of personnel data 
in relation to costs of production. 

The validity of a psychological test is usually expressed as 
the coefficient of correlation between the scores on the test 
in question and some outside criterion—that is, an indication 
or measurement of what the test is supposed to measure. 
It has already been mentioned (see page 53) that these 
criteria include wages earned, quality of work, freedom from 
accidents, merit ratings, or other factors that the company 
accepts as indicative of a desirable employee. In using any 
test it is necessary to know not only the validity of the test, 
but also just what criterion has been used in determining that 
validity. 

Tests used in industrial placement must also be reliable; 
that is, they must measure consistently whatever they meas- 
ure. A test is reliable if it consistently gives the same score 
tested. The retesting may be 


to an employee when he is retes! 
done with the same test used originally, if practice or memory 


does not markedly affect the test score. If practice or 
memory factors significantly affect the score, however, 
retesting should make use of a duplicate form of the test con- 
taining items similar in nature but different in actual content. 

Since no test, no matter how perfect, will give exactly the 
same score on a first and second trial to all persons tested, a 
method of measuring reliability is used which expresses the 
degree of reliability or the extent to which the test gives the 
same score to an employee On repeated testing. The relia- 
bility of a test is expressed as à coefficient, of correlation, 
which may be interpreted as the correlation between scores 
obtained from repeated testing with the same or duplicate 
forms of the test. When duplicate forms are not available 
but there is reason to believe that the memory factor will 
influence the scores, 2 method known as chance-halves" or 
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"odds vs. evens” is often used in determining the reliability 
of a test. This method involves correlating certain parts of 
a test against the remainder. The test-retest and chance- 
halves methods of determining reliability do not give iden- 
tical results. Technical descriptions of the research work 
involved in standardizing a test state not only the reliability 
of the test but what method of determining the reliability 
was used. 

A test may have high reliability and yet be quite worthless 
for any given employment situation. A test might measure 
height, weight, or even general intelligence with high relia- 
bility and yet show little or no correlation between test scores 
obtained and success of the employees on the job. In other 
words, the test might have high reliability but low validity, or 
even no validity at all. But if a test has a low reliability, it 
is not likely to have a satisfactory validity. This is simply 
another way of saying that no test is likely to have a higher 
correlation with anything than that test will have with itself, 
Thus a test which on repeated testing gives scores that 
correlate with the first testing only .45 is not likely, except 
by chance, to relate higher with production or any other 
criterion of employee desirability.! It is primarily for this 
reason that the psychologist using tests in industry insists 
that they be reasonably reliable before he makes any attempt 
to determine their validity for particular situations. 

A question that is often raised when the validity or relia- 
bility of tests is under discussion is: How reliable and valid 
must a test be in order to be worthwhile? This is both a 


4 Theoretically, the coefficient of validity of a test might reach a value 
equal to the square root of the coefficient of reliability, although this ceiling 
is seldom if ever reached in actual situations. Thus a test with a reliability 
coefficient of .64 might conceivably have a validity coefficient of .80. How- 
ever, even though the validity might theoretically exceed the reliability, the 
square root of the latter still determines the ceiling of the former. "Therefore, 
other things equal, it is desirable to have the reliability of a test as high as 
possible before an attempt is made to determine its validity for a particular 
job. For a more extended discussion of this topic, see E. F. Lindquist, A First 
Course in Statistics, (Boston: Houghton, Mifflin & Company, 1942), pp. 223 ff. 
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reasonable and a natural question when one considers that 
our measurements of both reliability and validity are usually 
expressed in the form of a coefficient of correlation which 
makes possible a variation in the degree of reliability or 
validity all the way from zero (or even a minus quantity, if 
we wish to be theoretically exact) to 1.00. If we remember 
that reliability in a test is necessary because it limits the 
validity, we may phrase the question more simply by asking: 
How high must the validity coefficient of a test be for the 
test to be worthwhile? 

The answer to this question depends upon the use that is 
being made of the test. The user of tests is nearly always 
interested in one of two objectives, but is seldom interested in 
both at the same time. Either he is interested in making a 
careful and accurate aptitude analysis of each person tested, 
which is to be used for individual predietion or vocational 
or he is interested in selecting from a large group of 
ch, on the average, will excel the 
ar respect. In individual 


guidance, 
individuals a smaller group whi 
larger group in some particul i 
consulting work, which deals with vocational aptitude and 
guidance, the psychologist is interested in the first-named 
objective. His work will stand or fall on the accuracy of his 
predictions for individual clients. He therefore has little use 
for aptitude tests that do not have a validity sufficiently high 
to justify their use in individual prediction. The exact value 
which the validity of a test should have to meet this require- 
ment is not completely agreed upon by all students of the 
It is uniformly agreed, however, that the higher the 


subject. : . 
and that there is no substitute 


validity of the test the better 


for validity for individual prediction. f 
On the other hand, one may be interested in segregating 


from a large group of persons tested a smaller group which, on 
the average, will excel the larger group in whatever trait is 
being tested. This is, in fact, the situation that confronts the 
employment manager. He is willing to allow the tests to 
induce him to place upon à job a few individuals who will fail 
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on the job and to reject (or place upon some other job) a few 
who, if placed upon that job, would have succeeded, if on the 
whole his percentage of successful placements is higher with the 
tests than it is without them. In other words, the employment 
manager is not so much interested in every strike resulting in 
a home run as he is in improving his batting average. Under 
these circumstances the validity of the tests can be much 
lower. But one may stil ask: How low can it be? A 
categorical answer to this question can be given, but the full 
significance of the answer will be clear only after a thorough 
study of the next section, which deals with the selection ratio. 
The answer is that a test will be valuable, no matter how low 
the coefficient of validity, if it indicates some relationship 
between test scores and the criterion; or, in statistical terms 
if the coefficient of validity is at least four times its probable 
error. Often this rule will admit tests whose validity is as 
low as .30, or even lower. The use of tests with such low 
validity is sufficiently contradictory to much current thought 
among psychologists to warrant a fairly detailed justification 
for the conclusions reached above. 


3. The selection ratio 


Given a personnel test that has a validity coefficient . 


indicating some relationship with the criterion, and given more 
employees to be placed than can be placed on the job in ques- 
tion, the functional value of the test to an employment 
manager depends upon the ratio of those placed to those 
tested who are available for placement. This has been 
referred to as the selection ratio. An example will clarify 
the operation of this principle. 

If a certain test is given to a large number of employees 
for whom a criterion of successfulness as employees is avail- 
able, and if the scattergram of test scores against the criterion 


s H. C. Taylor and J. T. Russell, “The Relationship of Validity Coefficients 
to the Practical Effectiveness of Tests in Selection: Discussion and Tables," 
Journal of Applied Psychology, XXIII (1939), pp. 565-578. 
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is plotted, the points will ordinarily fall into an oval-shaped 
area somewhat similar to the oval in Figure 15. The higher 
the coefficient of validity, the narrower will be the oval; and 
the lower the validity, the more nearly the oval will approach 
a circle. A validity coefficient of approximately .60 will 
result in a scattering. of scores approximately covering the 
oval area shown in Figure 15. Now, if employees are placed 
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Fic. 15—Effect of 
required of applicants 
of employees hired. 


their criterion scores will be the 
ling within the oval. If only 


those are placed upon this job who have test scores as high 
as or higher than T, those not placed on the job will clearly 
have, on the average, lower criterion scores than the group 
as a whole, and those placed will accordingly be higher in 
their criterion scores, on the average, than the group as a 
whole. A still higher average criterion score for the group 
placed can be achieved by setting the critical test score at T». 
By moving the critical score to Ts, T's, or even higher, still 
more favorable placements, according to average criterion 


can be made. 


without regard to test scores, 
average of all individuals fa 


score, 
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If a given number of persons, say 60, are to be placed, any 
one of the conditions mentioned above may exist; which one 
exists will depend upon the selection ratio that is utilized: 
that is, the ratio of the number placed to the number tested. 
Suppose we work with a ratio of 1.00:'that is, all those tested 
are placed. In this case, the distribution of test scores will 
be over the whole range of possible test scores; the criterion 
scores will be over the whole range of possible criterion scores; 
and the test will contribute nothing whatever to the efficiency 
of the placement procedure. Now suppose that we test 80 
individuals and place the 60 who score highest on the test, 
either not hiring the 20 who score lowest or placing them on 
some other job. We thus reduce those placed to 75 per cent 
of those tested, or reduce the selection ratio to .75. Under 
these conditions, we will place on this job only individuals 
who test at least as high as T', and the average criterion 
scores of those so placed will clearly be higher than the average 
of the group as à whole. By testing 120 persons and placing 
the 60 who score highest on the test, the selection ratio will be 
reduced to .50 and only individuals to the right of T, will be 
placed. The average criterion score of this group will not 
only be higher than that of the whole group, but will also be 
higher than that of the group placed when the critical test 
score was at Tı Thus, by increasing the number tested 
before the 60 to be placed are identified, the selection ratio 
will be decreased with a continuous increase in the average 
criterion score for the group of 60 finally placed. If, for 
example, the plant is expanding so greatly that 600 new 
employees could be tested before 60 are selected for location 
upon this particular job (or if the labor market were such 
that 600 applicants were tested before 60 were hired for this 
job), the selection ratio would be decreased to .10, only those 
testing at least as high as T's would be placed upon the job, 
ion score of the group of 60 placed under 


and the average criteri i 
these circumstances would be much higher than the score 
lection ratio. 


of 60 placed under any larger se 
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'The foregoing discussion is of course based on the assump- 
tion that the placement of employees is successful in propor- 
tion to the average success of thé employees placed. Anyone 
can readily see that even working with a selection ratio of .1, 
some individuals (like X in Figure 15) will be placed who will 
be poorer according to the criterion than a few other indi- 
viduals (like Y in Figure 15) who have not been allocated to 
this job. But if one is willing to measure the success of the 
testing program by average results rather than by individual 
cases, the results will be more and more favorable as the 
selection ratio is decreased. 

We have already stated that psychologists dealing with 
vocational guidance and individual consultation are usually 
more interested in making accurate individual predictions 
than in making group predictions. Most of these psycholo- 
gists have tended, therefore, to evaluate a test almost entirely 
in terms of its validity coefficient. They have stressed the 
fact (which is unquestionably true for individual prediction) 
that there is no substitute for high validity: that if two tests 
have been validated against the same criterion, and one has 
a higher validity coefficient than the other, there is no way 
to make the one having the lower validity serve as well as the 
other. 'The main point of the discussion is that in group 
testing, where „one is interested in average rather than indi- 
vidual results, one can make the test with the lower validity 
perform as well as the other by sufficiently reducing the selection 
ratio. In other words, in group testing, a reduction of the 
selection ratio is a substitute for high validity. This statement 
does not mean that this substitute will work if the test has no 
validity at all, but it does mean that if the test has any signifi- 
cant validity, however small, it is possible for the employer 
to get the same functional value from it that he could get 
from a test of any validity, however high, if he is able suffi- 
ciently to reduce the selection ratio. 


5 [bid., also Clark L. Hull, Aptitude Testing (World Book Company, 1928). 
Sce footnote on page 276. s 
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Agpractical objection to the principle of increasing the 
efficiency of a test by decreasing the selection ratio may be 
raised, namely, that there is a limit to the number of appli- 
cants who can be tested before the desired number are placed. 
It is true that, for numerous reasons, an employment manager 
is seldom able to test 600 or even 200 men before 60 are placed. 
But it should be remembered that a ratio of 10:1 can be 
achieved by placing one person out of ten tested just as well 
as by placing 60 out of 600 tested. One does not need to wait, 
for a great expansion in hiring before advantage can be 
taken of a reduced selection ratio. A reduction in the selection 
ratio can be utilized whenever two or more employees are being 
placed on two or more different jobs, if tests of some validity are 
available for each of the jobs. 

The objection may also be raised that advantage cannot 
be taken of a reduced selection ratio unless there are more 
applicants than there are jobs to be filled. This is true if all 
persons employed are to be placed upon the same job. But 
almost always an expansion of plant personnel involves hiring 
for several jobs, not just for a single job. Therefore, the 
advantage of a reduced selection ratio usually can be achieved 
even when, as in a period of emergency production, there is 
difficulty in getting enough applicants to fill the jobs. Even 
when all applicants are hired, placements can be made on 
various jobs in such a way as to take advantage of individual 
differences by means of reduced selection ratios. 


4. Percentage of present employees considered satisfactory 


A further factor which affects the efficiency of a personnel 
test in a given employment situation is the percentage of 
present employees who are considered satisfactory. This 
factor may be made clear by reference to Figure 16. Suppose 
we are working with a test having a validity coefficient such 
that the employees tested fall into the oval-shaped area. 
Suppose, further, that we are working with a selection ratio 
of .5—that is, only persons falling in the oval-shaped area to 
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the right of T; will be placed on the job. If 50 per cent of 
the present employees are satisfactory, any increase over this 
amount in the percentage of satisfactory employees placed 
that can be achieved by using the test is a gain. Under these 
conditions, the ratio of satisfactory employees among those 
placed to the total of those placed would be the ratio of the 
number of individuals falling to the right of line T» and above 
C; to all persons falling to the right of line T. This ratio 
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Tic. 16—Variation of efficiency of an employ- 
ment test with differences in percentage of pres- 
ent employees who are considered satisfactory. 
would clearly be higher than .50, and the amount by which 
it exceeds .50 would be indicative of the functional value of 
the test under the conditions discussed. 

If all conditions named above remain the same except that 
previous employment methods have resulted in 75 per cent 
satisfactory employees, then the criterion separation line of 
the successful and unsuccessful employees would be C, and the 
percentage of satisfactory employees placed by means of the 
test would be the ratio of the individuals to the right of 
line T» and above C, to all persons to the right of line T». 
In the latter case, a larger percentage of employees hired will 
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be satisfactory than in the former case, even though the test, 
selection ratio, and other controlling factors remain the same. 
In other words, if everything else is equal, the smaller the 
percentage of present employees who have been placed 
satisfactorily without tests, the larger will be the percentage 
increase of satisfactory employees when employees are placed 
by means of test results. This may be illustrated by an 


TABLE 8 
INCREASES IN PERCENTAGE OF SATISFACTORY EMPLOYEES PLACED ON a Jop OVER 
Various ORIGINAL PERCENTAGES OF SATISFACTORY EMPLOYEES WHEN i 
A TEST WITH VALIDITY COEFFICIENT OF .50 Is USED WITH A 
SELECTION Ratio or .50 


A B x 
i Difference in Per- Percentage of 
Percentage of | fo acory | gentage Between | Insrense of Values 
f: 3 atis 3 j M die BL 
Employees Placed | Employees Placed Columns A and B v ph alues in 
on the Job without | on the Job with the | 
the Test Test 
ee 
5 9 > 4 
10 17 7 a 
20 31 11 5E 
e 30 44 14 47 
40 56 16 40 
50 67 IT 34 
60 76 16 27 
70 84 14 20 
80 91 11 a 
90 97 7 S 


example. Suppose we have available a test with a validit 
coefficient of .50 and are working with a selection ratio of in. 
Table 8 shows the increase due to test in percentage of Siis 
factory employees which might exist prior to the ia at i 
test. The values in Table 8 were obtained from the Des » 
Russell tables reproduced in Appendix B. If only 5 fe soni 
of employees placed by traditional means are successful the 
the expected increase to 9 per cent represents an 80 per ea 
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increase in the number of satisfactory employees placed by 
the test, under the specified conditions of test validity 
and selection ratio. For larger percentages of satisfactory 
employees that have been achieved without the test the 
percentage of increase achieved by using the test becomes 
increasingly smaller. If 90 per cent of employees placed by 
traditional means have been successful, the increase of this 
percentage to 97 per cent by the test, used under the specified 
conditions, results in an improvement oi only 8 per cent in 
the number of employees satisfactorily placed. 

The general conclusion is that, other things being equal, 
the more difficult it has been to find and place satisfactory 
employees without using test procedures, the greater the gain 
one may expect from a testing program. 

'The purpose of the foregoing discussion is to make clear 
the fact that several factors, each relatively independent of 
the others, operate to determine the functional value of a 
selection test to an employment manager. If the employment 
man knows these factors—that is, if he knows the validity of 
his tests, the selection ratio with which he is working, and the 
percentage of present employees considered satisfactory—- 
he can predict definitely just how much he will improve the 
placement process by using the test. And if this amount of 
improvement is not satisfactory, he can improve his placement 
by almost any reasonable amount if the selection ratio can be 
decreased. 

Figure 17 reproduces a chart that shows how the percent- 
age of employees selected who will be successful is determined 
by the validity of the test and the selection ratio. "This chart 
deals with an employment situation in which 50 per cent of 
present employees are considered satisfactory. "The base line 
in this figure gives the selection ratio, and each of the curves 
plotted indicates a different test validity. It will be seen that 
by using a test with a validity of .90, and by reducing the 
selection ratio to .60, the percentage of satisfactory employees 
placed will be raised from 50 per cent to 77 per cent. It will 
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also be noted that a corresponding increase to 77 per cent in 
the number of satisfactory employees will be achieved by a 
test with a validity of only .50 if the selection ratio is decreased A 
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SELECTION RATIO 
Fic. 17—Effect of test validity and the selection ratio upon the working efficiency 
of an employee selection test. 

The Taylor-Russell tables,” reproduced in Appendix B, 
make it possible to determine what percentage of employees 
hired will be satisfactory under different combinations of test 
validity, selection ratio, and percentage of present employees 
considered satisfactory. "di 

The use of these tables may be made clear by an example. 
Suppose an employment manager has a test with a validity 
coefficient of .40, has twice as many applicants or employees 
available as there are jobs to be filled, and is placing in a 
department where 30 per cent of the present employees are 
considered satisfactory. Looking in the lower half of the 
table on page 522 (entitled '' proportion of present employees 
considered satisfactory = .30"), we find in the row represent- 
ing a validity coefficient of .40 and in the column representing 
a selection ratio of .50, the value .41 where the indicated row J 
and column cross. 'This means that under the conditions 


" 
? Taylor and Russell, op. cit. 
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specified 41 per cent of the employees placed will be satisfac- 
tory instead of the 30 per cent attained without the test. 
If conditions are such that the selection ratio may be still 
further reduced, the same test will place a still higher percent- 
age of successful employees. For example, if only the highest 
10 per cent of the persons tested are placed on the job, the 
percentage of satisfactory employees will be raised to 58 per 
cent, or nearly double the percentage of satisfactory employees 
placed without the test. 


5. Combining tests into a battery 

No single test will measure all of the capacities or abilities 
required on any job. Even the simplest of jobs is complex if 
one considers the combination of capacities or abilities 
required of a person who is to remain on the job and to do it 
well. Johnson? has pointed out that aptitude for any job 
consists of a syndrome of abilities and that one needs all of 
these to be successful. This fact makes it desirable, and in 
some cases necessary, to use a battery of tests rather than a 
single test. By means of statistical methods, the results of 
several tests can be combined into a composite score so that 
each is weighted to give the maximum correlation between 
the battery test score and the criterion. An example of the 
use of such combinations and weighting may be found in a set 
of tests worked out for placing menders in a hosiery mill. 
A number of tests were given to one hundred employees on 
this job. For each employee, data were obtained on age and 
experience as well as average hourly earnings for the twelve- 
week period preceding the administration of the tests. The 
correlations between several of the tests and the earnings 


1 criterion are given in Table 9. 

i It will be noted in Table 9 that the maximum correlation 
J of any individual test with earnings was .27, but that a battery 
A made up of all three correlated .35 with the same criterion. 


8 H. M. Johnson, “Some Neglected Principles of Aptitude Testing," Amer- 
dcan Journal of Psychology, XLVII (1935), pp. 159-165. 
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In obtaining the composite score the following formula was 
used: Composite Test Score = 12 (Hayes Pegboard) — 4 
(Purdue Hand Precision Test) — 2 (Finger Dexterity Error 
TABLE 9 
CORRELATIONS BETWEE SEVERAL Dexterity T STS AND- 
ZARNINGS OF M Rs IN A Hosiery Mir, 
(Effect of age and experience sts tistically eliminated) 
Correlation 
with Earnings 


* Details of construction and administration of these tests ure given in Cha 


ipter 5. 

Score). The constants by which the raw test scores are 
multiplied in this formula result in the best combination of 
the tests to make a prediction of job success from & combina- 
90 
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PER CENT OF APPLICANTS HIRED 
ABOVE PRESENT AVERAGE 
2 3 


50 


40 60 “80 
SELECTION RATIO 
Fic. 18—Variation in per cent of employees who will be above the 
present average of employees when different selection ratios are used 
with a test having a validity coefficient of .35. 
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ion of test scores. The usefulness of a test battery. that 
'orrelates to the extent of .35 with a criterion may be inferred 
rom Figure 18, which shows the percentage of employees 
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placed by this battery who will be above the average of present 
employees when different selection ratios are used in hiring or 
placement. For example, if the selection ratio could be 
reduced to .10, approximately 70 per cent of the employees 
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Fie. 19—Average earnings and average experi- 
ence of four quartiles of rs” divided accord- 
ing to composite score on a battery of dexterity 


tests. 


placed would be above the present average. The value of 
the testing procedure in this case is definitely enhanced by the 
use of several tests in combination, since no single test, of 
those tried, gave as high a validity coefficient as did the bat- 


tery as a whole. , 
The way in which a battery of tests may be expected to 
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function in selecting the highest earners on a manipulative 
job is illustrated in Figure 19. To obtain this figure, another 
group of 150 hosiery workers (seamers) were first divided into 
four quartiles according to their composite score on two tests 
(Purdue Hand Precision and error score of the O'Connor 
Finger Dexterity) which had been found related to production 
on this job. For each quartile of employees, the average 
earnings and average experience were computed and plotted 
in Figure 19. It will be noted that there is a progressive 
decrease in average earnings from the best to the poorest 
quartile, in spite of the fact that the poorest quartile of 
employees on the test had a greater amount of experience, on 
the average, than any of the other quartile groups. Graphic 
representation of this type is possible, of course, only to the 
extent that no marked differences in experience exist among 
the groups compared. For example, if the low-testing group 
had two or three times as much average experience as the 
high-testing group (which actually occurred in the case of the 
menders previously mentioned), one could not make a direct 
comparison of the earnings of the different groups. 

Further need for using a battery of tests, rather than an 
individual test, in many cases arises from the fact that since 
any single test will at best cover only one of several qualifiea- 
tions that are necessary on the job, a battery is required in 
order to obtain a more complete picture. The general 
appearance of the scattergram obtained by plotting test 
scores against a criterion often, in itself, indicates that a test, 
even a good test, covers only one phase of the job require- 
ments. The scattergram often shows that persons testing 
high on the test may either be high or low on the criterion, 
whereas those testing low on the test are almost always low 
on the criterion. 

An example of this tendency is shown in Table 10. The 
scattergram in this table shows the relation between the 
learning cost of 35 loopers in a hosiery mill and their scores on 
the Purdue Grooved Pegboard Dexterity Test (see page 130) 


— a 


3 
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The minimum wage law now in effect requires that every 
employee be paid a certain minimum wage regardless of 
whether his piece-rate earnings reach this amount. A slow 
learner will thus have to be paid a large amount of “minimum 
make up” before she is earning her wage, whereas a fast 
learner will reach the legal minimum more quickly. Thus 
one indication, and a rather important one, of the desirability 
of an employee is the total amount of money that the company 
must contribute in minimum make-up wages while the 
employee is learning the job. It will be noted in Table 10 
that this amount varies from $15.00, in the case of very rapid 
learners, to more than $60.00 in the case of slow learners. 
'TABLE 10 
ScaTrerGRAM SHOWING RELATION BETWEEN LEARNING Cost To Company or 35 


Loorrrs tn A Hosreny MILL AND Scores AT Time or EMPLOYMENT OF 
THE PunpuE GnoovEp PEcBoAnp Dexterity TEST 


SCORE ON GROOVED PEGBOARD DEXTERITY TEST 


LEARNING COST TO 
| 


COMPANY 
60 seconds | 55 59 | so-s4 | 45-49 | 40-44 
or over 

$15-$24 2 2 5 
$25-$34 1 3 3 

835-844 2 3 
345-859 1 3 

$60 or over 2 3 3 1 1 


The grooved pegboard is scored, in time required to fill the 
board (best two trials out of four). The shorter the time, 
the better the score. 

Table 10 makes several points clear. Employees with a 
favorable test score definitely tend to show a lower average 
learning cost to the company than do employees with a poor 
test score. In this case the correlation between test score 
(speed of filling the grooved pegboard) and economy in 
learning cost was 48. This figure may therefore be taken 
as the validity coefficient of the test for the job in question 
according to the learning-cost criterion. 
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But another characteristic of the scattergram shown in 
Table 10 that is commonly found in data of this sort is the 
triangular rather than the oval-shaped area into which the 
employees fall. Several employees who tested high actually 
turned out to be slow learners, However, no individuals with 
poor test scores turned out to be rapid learners, The signifi- 
cance of this finding is that the test in question apparently js 
measuring one essential requirement of a rapid learner bui 
only one requirement. An employee who lacks this require. 
ment is practically certain to be a slow learner, But an 
employee who tests high, that is, who has an abundance si 
this requirement, may still be a slow learner if she lacks 
certain other basic requirements for the job. The triangular 
shape of the scattergram thus indicates the existence yd 
hierarchy or syndrome of capacities required for this job, 

A question may be raised as to whether the reasoning on 
pages 66-75, in which the significance of the selection ratio 
concept was discussed, is valid when the Scattergram js 
triangular rather than oval in shape. This reasoning applies 
equally well regardless of the shape of the Scattergram as Nm 
as a vertical line drawn through the distribution at any pa 
will divide the individuals plotted so as to give g higher 
average criterion score to those on the right of the line than 
to those on the left. This situation is certain to occur when 
a positive correlation between test scores and criterion exists 
Thus, the rather common existence of a triangular Scatter- 
gram does not invalidate the importance of the Selection ratio: 
but it does quite definitely add to the evidence that a hierarchy 
of traits is basically necessary for satisfactory performance 
on most jobs. 


6. Adequate training of testers 

The impression that the tester makes Upon applicants or 
employees is of vital importance to the success of a testing 
program. This fact, obvious to the experienced employment, 
manager, has often been underemphasized or even complete]y 
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overlooked by psychologists themselves. ‘‘Everyone has 
shoes but the shoemaker's wife," says an old proverb. The 
professional psychologist often becomes so absorbed in the 
statistical phases of a test program that he forgets the impor- 
tance of personal and industrial relations in actual test admin- 
istration. Often the test administrator spends more time 
with an applicant than anyone else in the employment office. 
First impressions are lasting ones, and applicants who are 
employed may long remember the impressions of the company 
formed the first day at the plant. And the rejected appli- 
cants—upon whose reactions the industria] relations of the 
company within the community are also dependent—have 
no further opportunity to acquire a different opinion of the 
company. The man who administers the tests should be 
understanding, sympathetic, and courteous. He should give 
the applicant a feeling of importance. If the test results do 
not justify employment, the applicant should be made to 
understand that, although he is not properly adapted or 
trained for the job now open, he may be quite qualified for 
some other job at a later time or for some job now open in 
another plant. The applicant should be given an understand- 
ing of the fact that he himself would not profit from employ- 
ment on a job on which he would be likely to fail. 

To explain such matters to rejected applicants is neither 
easy nor routine. It must be done individually, thoroughly, 
and sincerely. Many of the qualities of a successful salesman 
are of real value to the test administrator in industry. Test- 
ing human beings is not the same as testing materials or 
processes. People react, either favorably or unfavorably, to 
a test situation. It is one job of the tester—indeed, one of his 
most important jobs—to be sure that they react favorably. 
Others may have prepared adequate tests; light, roomy, and 
attractive rooms may be available in which to give the tests; 
but unless the test administrator creates a favorable reaction 
to the testing program, the full advantage of this tool for 
employee selection and placement is not likely to be realized. 


4 


Mental Ability and Mechanical 
Aptitude Tests 


Fon several reasons, we shall consider tests of mental 
ability before we consider tests in such areas as mechanical 
aptitude, dexterity, or trade ability. It is hoped, however, 
that such prior consideration of the field of mental ability 
will not give a wrong impression of the relative importance 
of mental ability tests. We do not consider intelligence tests 
first because they are more important than other tests, nor 
because most jobs demand persons of high intelligence. We 
consider this field first because probably no other area of psy- 
chological testing has been so thoroughly explored. As aresult 
of this exploration we know the fields in which mental ability 
tests are of definite value and also the fields in which they 
offer little or no promise. Given a job description, therefore, 
we can predict with reasonable assurance whether a mental 
ability test will be of value in allocating employees to that job 
and what test or type of test is most likely to “come through? 
for the job. But it should be kept in mind throughout this 
discussion that for many jobs in modern business and industry 
intelligence or mental ability tests now available give no 
correlation whatever, either positive or negative, with job 
success. Later we shall discuss a number of jobs of this type 
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Typical Mental Ability Tests 
Otis Tests! 

The Otis Self-Administering Tests of Mental Ability are 
typical of the more widely used and thoroughly standardized 
tests in this field. This series is called ‘tests’? rather than 
“test” because it consists of four equivalent forms of a higher 
examination, designed for high-school students and college 
freshmen, and an additional four equivalent forms of an inter- 
mediate examination, designed for grades four to nine. These 
examinations are modeled after a group test of mental ability 
designed by Otis for use in a large commercial establishment. 
They are made up of logical and arithmetical problems, 
beginning at a very easy level, such as: 

Which one of the five words below means the opposite of north? 

1. pole, 2. equator, 3. south, 4. east, 5. west. ( ) 


'The number of the correct answer is placed in the parentheses 
at the right. Among the special features which the series 
embodies are: the principle of self-administration, which 
eliminates the need for a trained examiner; a simplified scoring 
system; a variety of test material; separate norms for a 
twenty- or thirty-minute time limit; and a simplified chart for 
computing percentile scores from raw scores on the test. 

A person's percentile score indicates that percentage of 
persons in the group on whom the test was standardized who 
are at or below the score of the persons tested. Thus if one 
does better on a certain test than 20 per cent of the standardiz- 
ing group, he is said to have a percentile score of 20 or to be 
at the twentieth percentile. If he excels 90 per cent of the 
standardizing group he is said to have a percentile score of 90.* 


1 Arthur S. Otis, Otis Self-Administering Tests of Mental Ability (World 
Book Co., 1922). SB . 

? The computation of percentile scores is discussed in Appendix A, p. 505. 
A detailed treatment of the meaning and computation of percentiles is given 
by H. E. Garrett, Statistics in Psychology and Education, Third Edition (Long- 


mans, Green and Company, 1947). 


84 MENTAL AND MECHANICAL TESTS 


The Otis tests also provide for conversion of raw scores 
into equivalent I. Q. (intelligence quotient) values. The 
I. Q. is a measurement that is used widely in school testing of 
young children, and has become a somewhat common term in 
popular writing. However, since it is used very little in 
industrial testing programs (because it is not a particularly 
serviceable measurement when used with scores of adults, and 
because of a certain feeling of resentment that it arouses in 
many applicants and employees), we shall not explain its 
technical derivation in this discussion.? 

The Otis tests are in common use in numerous industrial 
and business employment offices, and a number of investiga- 
tions that have made use of these tests will be summarized. 
(See page 89.) 


Wonderlic Personnel Test: 

This test is an adaptation of the higher form of the Otis 
Self-Administering Test and is particularly adapted to the 
needs of business and industry. The word personnel rather 
than mental ability or intelligence is used in the title to avoid 
the negative reaction that many applicants and employees 
have to a test that obviously deals with mental ability. The 
adaptation consisted in selecting from the original Otis Test 
those items that were found to differentiate most markedly 
superior from inferior employees on various types of industrial 
and business jobs. The result of this careful selection of 
items is that for many industrial jobs the revision differenti- 
ates more satisfactorily than does the original form, and that 
the test may be given in twelve minutes instead of the twenty 
or thirty required for the original test. The general form of 


3 The interested student will find a description of the meaning and derivation 
of the I. Q. in any elementary textbook of psychology, such as J. Tiffin, F. B. 
Knight, and E. J. Asher, T'he Psychology of Normal People (D. C. Heath and 
Company, 1946). 

* E. F. Wonderlie, Personnel Test, Form D (E. F. Wonderlie, 919 N. Michi- 
gan Ave., Chieago). 
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the questions on the Wonderlic test is similar to that of the 
Otis test. The test is begun with such items as: 

| Of the five things below, four are alike in a certain way. Which 
| is the one not like these four? 

i 1. smuggle, 2. steal, 3. bribe, 4. cheat, 5. sell. ( ) 


The correct answer of course is sell, the other four choices 
all being alike in the fact that each involves an element of 


dishonesty. 

The Adaptability Test 
| The Adaptability Test? measures mental adaptability or 
| mental alertness. The test has a fifteen-minute time limit 
| and is useful in helping to identify persons who should be 
i placed on jobs that require rapid learning and/or the develop- 
Í ment of independent judgment. It also aids in identifying 
persons who do not readily adapt to new situations but who 
| would be satisfactory (and often superior) employees on 
| simple, routine jobs such as packing, inspecting, assembling, 
or in the operation of simple, repetitive machines. 

The test was constructed specifically for industrial use. 
| The questions were phrased in practical rather than academic 
terminology. 

T The introductory paragraph on the title page of the test 

was developed through consultation with industrial personnel 
} men and actual try-out with applicants and employees. 
This introduction, which is reproduced below, makes no 
mention of mental ability, intelligence, or the I. Q, and 
represents an effort to put the individual taking the test at 
ease: 

Some jobs require figuring—such as adding, subtracting, multi- 
, and dividing—-while others require writing reports or answer- 


plying, 
ing letters, and still others can be done well by people who are not 
particularly apt with figures or words. This test will help in deter- 
| 1 mining how well you can handle jobs that require these abilities. 
| 5 This test is distributed by Science Research Associates, 228 S. Wabash 


Ave., Chicago, Hl. 


Po 
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Do as well as you can on this test, but do not worry about it. 
Remember that you may be well qualified for certain jobs that 
require training or skills different from those covered in this test. 

(Reproduced with permission of Science Research Associates) 


The Revised Beta Examination® 


This is a group test of mental ability that is strictly non- 
verbal; that is, it does not call for ability to read. It is 
particularly useful in measuring persons who have a foreign 
language background or whose previous work or training has 
been such as to penalize them on a test that involves reading 
and language. 


The Psychological Examination of the American Council on 
Education? 


This is another group test of ntental ability which, because 
of its longer time limit of fifty minutes, has not been used so 
extensively in business and industry as has either of the 
foregoing tests. For some purposes, however, partieularly 
college placement and vocational guidance, it has proved to be 
an excellent instrument. Several studies’ indicate that it 
has also definite value for business and industry. 

The preceding tests have been mentioned only as illustra- 
tive of the kinds of mental ability tests that are available. 
It is not our purpose here to attempt even a partial listing, 
to say nothing of an evaluation, of the many excellent measur- 
ing devices available in this field. The Mental M. easurements 


5 C. E. Kellogg and N. W. Morton, Revised Beta Examination (The Psycho- 
logical Corporation, 522 Fifth Ave., New York; N. Y.). 

7 L. L. Thurstone and Thelma Gwinn Thurstone, Psychological Examination 
of the American Council on Education (Science Research Associates, 228 S. 
Wabash Ave., Chicago, Ill.). 

8S. R. Laycock and N. B. Hutcheon, “A Preliminary Investigation into the 
Problem of Measuring Engineering Aptitude," Journal of Educational Psychol- 
ogy, XXX. (1939), pp. 280-289. 

J. B. Rhinehart, “An Attempt to Predict the Success of Student Nurses by 
the Use of a Battery of Tests,” Journal of Applied Psychology, XVII (1933), 
pp. 277-293. 
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Yearbook? gives a fairly complete listing of intelligence tests. 
For most of the tests listed, the Yearbook gives the title, a 
description of the group for which the test was constructed, 
the date of copyright or publication, whether the test is 
individual or group, the number of forms, the cost, the time 
required for administration, the author and the publisher, 
references to studies dealing with validity and reliability, and 
a brief evaluation of the test by one or more competent 
authorities. The industrial personnel man looking for a test 
that will serve some partieular purpose can usually decide 
from the information given whieh test will be most likely to 
serve his purpose. 

Another list of mental ability tests that have been used 
successfully in business and industry is reproduced in Appen- 
dix C on page 526. 


What tests to use 

Once an employment manager has decided to use intelli- 
gence tests, it is not uncommon for him to ask a psychologist, 
“What intelligence test do you recommend?" It is difficult, 
if not impossible, to give à categorical answer to this question. 
The test to use is the test that works, and all tests do not work 
equally well in all situations. Asking a psychologist what 
intelligence test he recommends is not unlike asking a phy- 
sician what drug he recommends. The physician’s recom- 
mendation depends upon a number of factors, which include 
what is wrong with the patient, what the drug is intended to 
accomplish, and the present physiological condition of the 
patient. The psychologist cannot answer the question 
“What test do you recommend?” by mentioning any specific 
test. 'The question can only be answered by summarizing 
the results of studies that have been obtained by using 
various tests and types of tests in industrial and business 


? Oscar K. Buros, The 1940 Mental Measurements Yearbook (Rutgers Uni- 


versity Press, 1940). 
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situations. The test to be used in any new situation should 
then depend upon the extent to which the new situation is 
parallel or equivalent to those situations that have been 
studied. 


Mental Ability Tests in Clerical Selection 

Although a number of studies indicate that it is often 
advisable to use a standardized intelligence test in the selec- 
tion of persons for clerical jobs, it should be kept in mind that 
the term clerical is very broad. Under this category might 
be included regular clerks, comptometer operators, stenog- 
raphers, secretaries, and persons on other related jobs. Even 
in any one subcategory—as stenographer—the importance of 
mental ability might vary all the way from being an essential 
requisite on the job to being of no importance at all. For 
example, a secretary who is expected to answer mail during 
the employer's absence should have a high degree of what we 
ordinarily refer to as tact, judgment, and discretion—the 
things that constitute mental ability. On the other hand, a 
secretary whose main function is to greet customers or guests 
in the outer office and to keep them happy and contented 
until the employer has time to see them does not need a high 
level of mental ability so much as she needs personal attrac- 
tiveness, social intelligence, and the ability to carry on a light 
conversation. A standard mental ability test might be a very 
desirable instrument to use in selecting a secretary for the 
former type of work, though there would be little to recom- 
mend such a test for the selection of the receptionist. Each 
test, therefore, must be evaluated in terms of whether it is 
measuring something that the employee must possess if he 
is to do the job well. If this point is kept in mind, we can 
readily understand why some investigators have found 
appreciable correlations between intelligence and clerical 
ability while others have reported little or no correlation. 
The choice of a test to be used, then, should depend upon the 
type of clerical ability under consideration. 
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Typical of studies in this field is one made by MeMurry'® 
who found correlations varying from .34 to .57 between Otis 
Intelligence Test scores and job efficiency among bank 
employees. The employees considered were for the most part 
engaged at least partially in a type of clerical work that 
involved careful and accurate computation and machine 
operation. Pond and Bills" have reported a study which 
further shows the importance of intelligence tests in selecting 
individuals for certain types of clerical jobs. Their investiga- 
tion shows that on the easiest jobs the greatest turnover is 
among the employees with highest test scores, whereas on 
the more difficult jobs the greatest turnover is among the 
employees testing lowest in mental ability. In other words, 
the more difficult clerical jobs call for employees with the type 
of ability that a mental ability test measures. If all the 
employees possessing such ability are placed upon such jobs, 
whereas those not possessing such ability are placed on the 
easier jobs, the total turnover of the employees on both types 
of jobs will be definitely reduced. 

Shellow!? reports some interesting. correlations between 
est results and the ratings of ability of a group of 
stenographers. The employees studied were given two tests 
—an intelligence test and a test measuring proficiency in 
stenographic skills. The intelligence test contained proverbs, 
items of the completion type, the analogy type, and so on— 
all items of the type included in most standardized tests of 
intelligence. It may safely be assumed that the particular 
test used measured much the same aspect of mental ability 
that is measured by 28 standard intelligence test. The 
stenographic test was an ordinary test of proficiency in 


intelligence t 


10 n. N. MeMurry, “Efficiency, Work-Satisfaction and Neurotic Tendency. 
A Study of Bank Employees)” Personnel Journal, XI (1932), pp. 201-210. 

11 M. Pond and M. A. Bills, * Intelligence and Clerical Jobs. Two Studies 
of Relation of Test Score to Job Held," Personnel Journal, XII (1933), pp. 


41-43. r n 
a M. Shellow, “An Intelligence Test for Stenographers,” Journal of 
nel R / (06-308. 


Personnel Research, V (1926), PP- 3l 
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stenography of the type discussed on page 153. The correla- 
tions reported by Shellow are as follows: 


Intelligence Test versus Ranking..................uuuuu. -73 
Proficiency Test versus Ranking... 48 
Rough combination of above tests... 59 
Properly weighted combination of above tests. . 83 
Intelligence Test versus Proficiency Test.................. mp 


These correlations show that, for the group of stenogra- 
phers studied, intelligence as measured was even more impor- 
tant than stenographie proficiency in determining rated ability 
on the job. The results also show, as might be expected, that 
the combination of intelligence and proficiency in stenography 
makes for a higher ability on the job than either of the two 
taken alone. It is interesting to note that the rough combina- 
tion of the intelligence and the proficiency tests gave a cor- 
relation with ranking of only .59, which was lower than the .73 
between intelligence alone and the ranking. This result 
simply means that when two tests are to be combined for 
prediction the tests cannot be optimally weighted except in 
the light of the multiple correlations involved. As the table 
shows, when the optimal weighting had been obtained, the 
correlation was .83 between the combined score on the two 
tests and the ranking on the job. 

In the selection of cashiers, Clarke!? has reported correla- 
tions as high as .57 between productive efficiency as measured 
by transactions handled per day and scores on the Otis Test, 
a Sales Checking Test, à Change Making Test (speed and 
accuracy), manual dexterity, and the Bernreuter Scale. The 
Bernreuter Scale; which will be discussed later (see page 166), 
could hardly account for all of the relationship found. It 
seems clear, therefore, that the abilities tapped by the mental 
ability test are of primary importance in determining the job 
efficiency of the cashiers studied. A study by Stevens and 


13 W., V. Clarke, “The Evaluation of Employment Tests,” Personnel, XIII 
(1937), pp. 133-136. 


1 
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Wonderlic’ reports the relationship between scores on the 
Otis Mental Test and ability to handle office detail. Their 
study indicates that the employees who missed most items on 
the Otis Scale are the ones most criticized by company 
supervisors. 

Tiffin and Lawshe!? found correlations ranging from .40 
to .65 between rated success of paper mill clerical employees 
and scores on the Adaptability Test. In one department 
where only 57 per cent of current employees were considered 
satisfactory, it was found that among those employees making 
scores of 25 or above on the Adaptability Test, 86 per cent 
were satisfactory employees. 

Hay?! reports a correlation of .56 between Otis Test scores 
and production of machine bookkeepers. In another study, 
Hay! reports a correlation of .35 between rated ability of 


clerical employees and Otis Test scores. 
It would seem safe to conclude, on the basis of numerous 


studies such as those here summarized, that an employment 
manager can safely use some sort of mental ability test in 


selecting employees for most types of clerical jobs. 


Mental Ability Tests in Selecting for Other Jobs 
r investigations suggest the usefulness of 


mental ability tests for selecting individuals for various types 
of jobs. Harrell!’ reports à correlation of .37 between Otis 


scores and the ability of cotton mill supervisors. Copeland? 


A number of othe 


TS 2, F. Wonderlie, “The Relationship of the Number of 
deeds (epp Otis Tests and Ability to Handle Office Detail," 
; ps hology, XVIII (1934), pp. 364-368. 
sought foe mo A REOS Jr., “The Adaptability Test: A Fifteen 
Minute ental ‘Alertness Test for Use in Personnel Allocation,” Journal of 
Applied Psychology; XXVII (1943), pp 162-108; hine Bookkeeping,” Ji 
16 Edward N. Hay, “Predicting punes n M ookkeeping," Journal 
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reports a low but positive correlation between a test battery 
made up of the Otis Test and the Minnesota Clerical Test and 
the ratings of supervisors, clerks, and enumerators in the 
census department. Wadsworth?" reports that among the 
entire force of a utility plant, intelligence correlated .68 with 
*man-to-man" estimates by supervisors. He also reports 
that after testing was adopted as a part of the employment 
procedure, the percentage of unsatisfactory employees hired 
dropped from 29 per cent to 5.5 per cent. Sheddan and 
Witmer?! report that a battery of tests consisting of the Ohio 
State Psychological Test (an intelligence test), the Moss 
Social Intelligence Test, the Thurstone Personality Test, and 
a Relief Attitude Scale, was found to have a correlation of 
.72 with job efficiency of 61 relief visitors, as measured by 
their scores on a test of technical information about their 
duties and by merit rating of their performance by superiors. 
Holliday? reports that an investigation of the selection of 
apprentices for the engineering industry revealed that stand- 
ard intelligence tests definitely improved selection.. Monro 
and Raphael? found that a ten-minute test designed to 
measure intelligence, arithmetical accuracy, attention to 
instructions, and tact significantly differentiated “good” 
from “fairly good" salesgirls. Laycock and Hutcheon*! 
found that a test battery consisting of high-school grades, the 
American Council Psychological Examination, Cox Mechani- 
cal Aptitude Test (see page 109), Minnesota Paper Form 
Board (see page 105), and interest in physical science gave a 
multiple correlation of .66 with success in engineering. 


20 G. W. Wadsworth, “Tests Prove Worth to a Utility," Personnel Journal, 
XIV (1935), pp. 183-187. 

2: B. R. Sheddan and L. R. Witmer, “Employment Tests for Relief Visitors," 
Journal of Applied Psychology, XXIII (1939), pp. 270-279. 

22 F, Holliday, “An Investigation into the Selection of Apprentices for the 
Engineering Industry,” Occupational Psychology, XIV (London, 1940), pp. 69- 
d 23 M. S. Monro and W. S. Raphael, “The Value of a Short Test for the Selec- 
tion of Workers," Human Factor, VI (1932), pp. 244-246. 

24 Laycock and Hutcheon, op. cit. 
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Another area in which the use of a mental ability test has 
been found very helpful is in the selection of teletype operator 
trainees. It is customary for the operating ^ompany to send 
trainees for this job to a special sehool where a carefully 
prepared program of instruction is given. The trainees are 
graded periodically by means of standardized and objective 
tests which cover both job performance and related informa- 
tion. Trainees are certified as operators only after success- 
fully passing this course. 

In a recent investigation, 219 teletyve trainees were given 
the Adaptability Test, previously described, shortly after 
being selected for training. The follow-up method of test 
validation was employed to determine the relation between 
test scores and success in the training course. The results are 


summarized in Table 1 


TABLE 11 
ES ON THE ADAPTABILITY TEST AND Success IN A 


RELATION BETWEEN SCOR A 
COURSE FOR TELETYPE OPERATORS 


TRAINING 
n 
Number | Number Total Per Cent 
ility Tes Passing Failing Py Passing 
Score on Adaptability Test assing ‘Number 3 
Course Course Course 
59 ori 27 1 28 96 95 
d above s | 66 4 TO aL 
1018. ora 83 10 93 89 9o 
9 or below 17 11 28 61% 


The cost to the company for each trainee (which includes 
transportation to and from the school, board and room, salary 
during that training, and the pro-rata cost per trainee of 
operating the school) amounts to approximately $500 per 
trainee. The investigation cited above shows that from every 
100 trainees who score 22 or above on the Adaptability Test, 
the company will be able to certify 96 operators, the cost 
thus being UE sa or $520.83 per operator. Among 


trainees scoring 9 or below on the Adaptability Test, of every 
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100 trained only 61 will be certified as operators, the cost 
thus being TD X S500 or $819.67 per operator. The com- 
parative costs show that each of the operators in the low-score 
bracket costs the company $298.84, or approximately 57 per cent, 
more in training expenses than do operators in the high-score 
bracket. 

Bolanovich?* reports a study which further shows the 
value of a mental alertness test in selecting trainees for a 
course of study that requires study and application. His 
investigation deals with a series of tests given to a group of 
girl trainees referred to as the R.C.A. Cadettes—girls sent, by 
the Radio Corporation of America to a specialized training 
course covering certain phases of traditional engineering 
subjects. The correlation obtained between Wonderlic Per- 
sonnel Test scores and grades in the course was .50. 

Mental ability tests also have been found highly advan- 
tageous as one tool to be used in the selection of supervisors, 
A rubber company recently promoted 70 operators to super- 
visory jobs. To train these men for their new duties and 
responsibilities, the company conducted a series of supervi- 
sory training classes, at an expense to the company of $225 
per man for the time spent in attending the classes. This 
amount did not include instructional costs or other expenses. 
During the first meeting of the supervisory training class, the 
men were given the Adaptability Test diseussed above. 
The test scores were filed and a period of six months was 
allowed to pass while various criteria of success on the job of 
the new supervisors were investigated. At the end of the 
six-month period, it became apparent that the most satis- 
factory criterion of success available in this instance was 
whether or not the man was a good enough supervisor to be 
still on his new job six months later. Approximately one- 
fourth of the men were not, having quit or been demoted, 


2 D. J. Bolanovich, “Selection of Female Engineering Trainees," Journal 
of Educational Psychology, XXXV (1944), pp. 545-553. 
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transferred, or dismissed during the six-month period. In 
the case of the men no longer on the job, the cost a the 
supervisory training, as well as the other considerable expenses 
incurred in breaking in the new men, was borne by the com- 
pany without return. Figure 20 shows the percentage of men 
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Fic. 20—Percentages of men promoted to super- 
visory jobs in a rubber company who were still on the 
supervisory job six months later. 


still on the supervisory job six months later among those 
scoring at various levels on the Adaptability Test. These 
findings are in agreement with those reported by Moore,?* 
who emphasizes the importance of using some form of mental 
ability test, in connection with other requirements, in the 


selection of supervisors. 


2 H, Moore, “Supervision. I. Selection,” Personnel Journal, XX (1942 
p ); 


pp. 353-356. 
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sobs in Which Success Is Not Related to Mental Ability 


The preceding discussion of mental ability tests has 
involved a deliberate selection of investigations in which the 
tests have ‘‘come through.” It should be pointed out and 
emphasized that in a good many investigations the mentil 
ability tests did not come through. One example of a failure 
of a mental ability test to contribute anything of value with 
regard to predicting probable success of employees is an 
extensive study by the follow-up method of 749 employees 
hired for bench work in the Hawthorne Plant of the Western 
Electric Company.” After these employees had been on 
the job long enough to give a variety of indications of their 
success or failure on the job, including such things as promo- 
tion, average wage increase since hiring, merit ratings by 
supervisors, average tenure with the company, and freedom 
from accidents, the correlations were computed between the 
several criteria of successful job performance and the original 
test scores obtained at the time of hiring. Of four tests given 
at the time of employment, one was the Otis higher form of 
the mental ability test. The Otis scores showed practically 
no relation with later success or failure of the employees on 
their shop assignments, though it is of interest to note that 
this test indicated ability to progress to higher-level shop 
occupations or office jobs. In other words, the intelligence 
test was definitely an indication of “promotability.” How- 
ever, two tests dealing with dexterity, also given at the time 
of hiring, did show a definite relationship with the later success 
of the employees. These tests will be discussed on page 139. 

Still other investigations have shown that mental ability 
tests sometimes show a negative relationship with success on 
the job. For example, Tiffin and Greenly,? in studying 
'— Analysis of 1935-37 Experience in Selecting New Men for Shop Occupa- 
Lions. Privately Printed Monograph (Western Electric Company, Hawthorne 
un. and R. J. Greenly, *'Employce Selection Tests for Electrical 
Fixture Assemblers and Radio Assemblers,” Journal of Applied Psychology, 
XXIII (1939), pp. 240-263. 
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routine manipulative assembly, found a negative correlation 
between the Otis scores and both the actual amount of pro- 
duction and supervisors’ ratings of productivity. Tiffin and 
Lawshe? found that the best inspectors of simple material 
made lower average Adaptability Test scores than did the 
poorest inspectors on the same job. Abel” reports a study of 
S4 girls from the Manhattan High School for the Women's 
Garment Trades who left school at seventeen years. The 
average Otis intelligence test score of the girls indicated 
feeble-mindedness or near feeble-mindedness, and yet after a 
period of 3.5 years, 55 per cent were steadily employed. Abel 
points out that among the factors contributing to their 
suecess were stable homes, ambition and self respect, and 
encouragement and patient treatment during the initial work 
period. 

These studies are in accord with studies already referred 
to by Bills?! and by Pond and Bills? showing that individuals 
who test high on mental ability usually should not be placed 
on routine, easy jobs, and that frequently persons scoring 
very low on mental ability tests consistently do better on 
simple, repetitive jobs than do persons whose mental ability 
is average or above. 

General Recommendations Concerning Mental Ability Tests 

After studying the preceding and similar investigations, 
one feels a strong temptation to generalize concerning the role 


of mental ability tests in business and in industrial employ- 


ment offices. Such a generalization might be that mental 


29 Tiff 1 Lawshe, op. cit. ! 
ae T M. Abel E ASt rud a Group of Subnormal Girls Successfully Adjusted 
in Industry and the Community,” American Journal of Mental Deficiency, XLV 
1940 . 66-72. = 
( 31 MP Bills, * Relation of Mental Alertness Test Scores to Positions and 
Permanency in Company,” Journal of Applied Psychology, VII (1923), pp. 154- 
32 Millicent Pond and M. A. Bills, "Intelligence and Clerical Jobs. Two 
: of Relation of Test Score to Job Held,” Personnel Journal, XII (1933), 


Stud 
pp. 41-56. 
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ability tests are of value in selection and placement to the 
extent that the employees being hired are to be placed on jobs 
calling for adaptability, accuracy, carefulness, and the 
exercise of judgment in situations that are not likely to be 
exactly the same from day to day. At the other extreme, 
individuals testing average or below on mental ability tests 
would seem to be most suitable for jobs involving a completely 
repetitive or mechanical type of manipulation of a not-too- 
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Fre. 21—Psychograph of an operator 32 per cent above average production 
on manipulative work. 
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difficult nature. A question that will naturally be raised by 
the last statement is, ‘‘How low can an individual be in 
mental ability and still be able to do satisfactory work on a 
routine manipulative job?" It would seem that for many 
simple and routine jobs, individuals testing at the very bottom 
on standardized tests of mental ability are as well or even 
better adapted than persons testing at average or above. 
Figure 21 shows the test profile of an individual who, for the 


Van 
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two-month period preceding the administration of the test, 
had consistently been the highest-producing operator among 
forty-two operators on this job. The job was one that 
involved routine manipulative assembly. It will be noticed 
that while this employee is above average in dexterity, she 
is far below average in her Otis Test score. Indeed, one would 
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a literal interpretation of this test score, in the 
for this test, that this employee 
is feeble-minded. However, it should be kept in mind that 
these norms were derived from the point of view of an indi- 
vidual’s ability to succeed in adjusting himself to new and 
novel situations. The individuals who are lowest on this 
test might be most likely to succeed in jobs that do not call 
for such adaptation to new and novel situations. Figure 22 
shows a psychological profile for another individual who was 


conclude from 
light of the published norms 
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very low on the Otis Test and yet who was close to the top in 
productivity on the job in question. 

Conclusions cannot, of course, be reached from single 
cases such as these. Yet when one considers that for the 
group as a whole negative correlations were found between 
mental ability test scores and productivity, and that a few 
individuals who tested at the very bottom on the Otis Test 
consistently led the group in productivity on the job, one is 
forced to conclude that it may be a serious mistake to place 
persons scoring high in mental ability tests on jobs of this 
type, unless they are being given job experience in preparation 
for supervisory positions. 

The management of many industries has often made the 
mistake, during times of depression when applicants are 
available in large numbers, of hiring only individuals who offer 
a certain minimum of education—for example, high-school 
graduates. When an employment manager hires only high- 
school graduates he is, in effect, hiring only individuals who 
are above a certain level of mental ability. The content of 
courses taught in high school has no relationship to an indus- 
trial plant assembly job. But we know that only individuals 
who on the average possess a certain minimum level of 
mental ability are able to pass these courses and be graduated 
from high school. Thus the selection of high-school graduates 
is equivalent to selecting only those individuals who make a 
certain minimum score on a mental ability test. In one 
department of a large industry which employed approxi- 
mately 400 operators for a routine job, the policy for several 
years during the depression of 1930 to 1935 was to employ 
only high-school graduates. This hiring policy resulted in an 
unusually high turnover, since individuals with high mental 
ability left the job as quickly as they could find something 
better. The policy was accompanied by, and may actually 
have caused, a condition of unrest and dissatisfaction among 
the employees. It has been said that nearly every individual 
finds some sort of outlet for whatever ability he may possess, 
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It is not unreasonable to suppose that a large part of the 
unrest and dissatisfaction arising among the 400 employees 
in this department was due in no small measure to the fact 
that the high-school graduation requirement resulted in 
placing individuals on this job who in terms of ability were 
“above the job.” 

It should be re-emphasized at this point that the primary 
function of mental ability tests in industry is to help the employ- 
ment manager in his placement of employees. Adequate 
placement means that some jobs should be filled by high-scoring 
individuals and that other jobs should be filled by low-scoring 
individuals. A mental ability test is simply another tool that 
the employment manager may use in placing every individual 
on a job that is equal to and not above or below his natural 
level of accomplishment. 


Typical Group Mechanical Ability Tests 


The purpose of mechanical aptitude tests 

Mechanical aptitude tests have been developed to aid in 
selecting employees for jobs that require a .mechanical 
“knack,” such as the maintenance of machinery found in 
almost every plant, the operation and maintenance of conver- 
sion machinery in a paper mill, or the “setting-up” of produc- 
tion machinery before it is turned over to an operator. 


Bennett Test of Mechanical Comprehension?? 

One of the best known tests in this field is the Bennett 
Test of Mechanical Comprehension, which was developed to 
accomplish the purposes mentioned above. The principle of 
the test is illustrated in Figure 23. The person tested is 


required to make a judgment from an examination of a draw- 
ing or schematic diagram. No mathematical or arithmetical 
computations are required, and the verbal or reading element 
33G, K. Bennett, Test of Mechanical Comprehension, Form AA (The 


Psychological Corporation, 522 Fifth Avenue, New York, N. Y., 1940). 
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j 


Which man can lift more weight? 


Fic. 23— Two items from 
Form AA of the Bennett Test 
of Mechanical Comprehension. 


If the small wheel goes in the direction 

shown, in which direction will the large 

wheel go? 
is reduced to a minimum. As modern industry hires vast 
numbers of persons with practical mechanical experience but 
without formal education, the test fills a definite need in 
enabling an employment manager to measure mechanical 
ability among such persons. An illustration of the use of this 
test in a practical situation is given on page 117. 


Detroit Mechanical Aptitudes Examination?* 


This test consists of several parts, some of which deal with 
the understanding of certain mechanical principles on a 


34 Detroit Mechanical Aptitudes Examination for Boys (Public School 2 
lishing Co., Bloomington, Ill., 1928). i 
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non-verbal level—such as the belt-pulley arrangement shown 
in Figure 24—and others with familiarity with tools and power 
machinery used in a wood shop or a machine shop. Figure 25 
illustrates one item from a part of the test that deals with 
power machinery. Perhaps the major differences between 
the Bennett Test of Mechanical Comprehension and the 
Detroit Mechanical Aptitudes Test is that the latter is based 
to a much greater extent upon familiarity with actual tools 
and machines. This statement is not intended as a criticism 


DIRECTION| SPEED 


A ~ Llrastest ( 


ei ( ) 


Fic. 24—An item from Part I of the Detroit Mechanical 
Aptitudes Test for Boys. The subject checks in the indicated 
blanks to show the direction and speed of the several pulleys. 


of either test. It means simply that the tests are likely to 
find their greatest degree of usefulness with different groups 


of applicants. 


Stenquist Mechanical Aptitude Test*® 

This test is one of the oldest and perhaps one of the best 
known of all tests in this general field. It was first published 
in 1921 and at that time represented a real achievement in 
the application of group testing methods to the measurement 


of mechanical ability. An item from this test is illustrated in 


35 J. L. Stenquist, Mechanical Aptitude Test (World Book Company, 1921), 
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Figure 26. The Stenquist test, like the Detroit test, is based 
to a large extent upon familiarity with actual shop machinery. 
This characteristic is illustrated in Figure 26, which shows an 
overhead pulley assembly. 


CARRIESBELT-—— — —— —-— ©) 
ADJUSTS HEIGHT OF REST- --(  ) 
SUPPORTS TOOL--- —-——- ©) 
* OILS BEARING——--—-——-- P 3 
FASTENS TAIL STOCK CENTER- — ) 
REVOLVES WORK- ————— — 4 ) 
ADJUSTS TAIL STOCK CENTER-(  ) 
HOLDS WORK-——-—-—--- ©) 
FASTENS TAIL STOCK—---— © ) 
HOLDS DRILL-——-——- —— (0) 
HOLDS EMERY WHEEL-—--( ) 


Fig. 25—An item from another part of the Detroit 
Mechanical Aptitudes Examination for Boys. The paren- 
theses are to be filled in with the corect numbers. 


O'Rourke Mechanical Aptitude Test?" 

This test, like the Stenquist test described above, measures 
knowledge of and familiarity with tools and operations involved 
in shop work. It is, therefore, basically an achievement test 
rather than an aptitude test. However, experience has shown 
that applicants who have the aptitude for mechanical achieve- 


36 L, J. O' Rourke, O’Rourke Mechanical Aptitude Test (The Psychologie; | 
Institute, 1937). À a 
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ment ordinarily create opportunities for familiarizing tl 

selves with shop equipment, and that such applicants uis 
because of this experiential background, to obtain muris 
scores on this and similar tests. This fact justifies the use e: 
this type of test as an aptitude test for selecting applicants 
who are to receive addicional training, such as apprentices 
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í 1 Oil is kept from dripping on the floor by... 

l 2 The belt is pushed back and forth by part 

3 If pulley R is loose on the shaft, write L. 

shaft and turns with it, write F....-.-+-+-+ » 

4 Does the belt which drives this m. 


Write Y is yes; N if no... +: n7t 
5 Look at the two pulleys A and B. -f both turn with the shaft 


write B. If neither does, write N. 
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3: Minnesota Paper Form Board Test (Science Research Associates, 228 S. 


Wabash Ave., Chicago). 
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The questions comprising Form A of the Purdue Me- 
chanical Adaptability Test were selected by statistical 
methods so as to achieve maximum reliability of the final 
test and as low a correlation as possible with general intelli- 
gence. The resulting correlations were as follows ::9 


The basic points covered by the Purdue Mechanical 
Adaptability Test are, in several respects, similar to those 
covered by several other mechanical aptitude tests, such as 
the Bennett Test of Mechanical Comprehension and certain 
parts of the Detroit Mechanical Aptitudes Examination, 
The Purdue test differs from these other tests primarily by 
virtue of the fact that in its construction a series of deliberate 
statistical steps were taken to eliminate all questions that 
correlate with intelligence test scores, with the result that, as 
mentioned above, the test scores correlate only .33 with intel- 
ligence test scores. Most other tests in this field show 4 much 
higher relation to intelligence tests, an undesirable circum- 
stance if, as is usually assumed by the particular test user, the 
test is intended to measure mechanical aptitude as distinct 
from mental alertness or general intelligence. 

Several studies indicating the validity of the Purdue 
Mechanical Adaptability Test will be summarized on page 119. 


The Industrial Training Classification Test! 


The Industrial Training Classification Test is designed to 
aid in selecting those persons who are most likely to profit 
from an industrial training program. It is intended to evalu- 
ate an individual's ability to read simple measurements and 
solve simple arithmetical problems involving whole numbers 

? 


^? C. H. Lawshe, Jr. and Joseph Tiffin, Preliminary Manual for the P 
Mechanical Adaptability Test, (Division of Applied Psycholo, e Purdue 
University, Lafayette, Indiana, 1946). EY, Purdue 

^: Distributed by Science Research Associates, 228 South 
Chicago, Illinois. : Wabash Avenue, 
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fractions, decimals, and the conversion of decimals to common 
fractions. These simple but basic skills are essential to suc- 


cess in many trade schools and industrial training programs. 


MacQuarrie Test for Mechanical Ability” 

Although this scale is called a mechanical ability test, it 
deals more with dexterity than with an understanding of 
mechanical principles or familiarity with tools and instru- 
ments. A description and discussion of it therefore will be 
given in the section on dexterity tests rather than ih the 
present treatment of mechanical ability tests. 


Typical Individual Tests of Mechanical Ability 
All of the preceding tests are of the group variety ; that is, 
they are accomplished with paper and pencil and may be 
given to a large number of applicants or employees at the 


same time. 
Fortunately, these paper and pencil tests usually will 


accomplish as much as individual apparatus tests that can 
be given to only one or two persons at a time and are there- 
fore more costly and time consuming to use. Several 
individual apparatus tests of mechanical aptitude are avail- 
able, however, and for some purposes are more serviceable 


than the group tests. 


Cox Mechanical Models Test 

This test consists of a series of mechanical models such as 
the one illustrated in Figure 29. The person tested is shown 
the view of the model illustrated on the left of this figure and 
is shown further, by the operation of the model, that as Lever 
A is moved up and down, Lever B follows this vertical move- 
ment. The task of the person being tested is to show, by 


42 See page 129. 
43 Willard Harre! 


chometrica, V (1940), pp. 17-33. 
“J. R. Cox, Mechanical Aptitude (Methuen and Company, Ltd., London, 


1928). 


Il, “A Factor Analysis of Mechanical Ability Tests,” Psy- 
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simple sketch or design, what mechanism must be involved 
in the model in order to accomplish this result. The correct 
mechanism is shown in the sketch at the right, and the 
sketching of the mechanism is considered the correct solution 
of the problem. The test in all contains eight such models 
varying in complexity from the rather simple type of problem 


illustrated in Figure 29 to problems considerably more 
complex. 


.PROBLEM SOLUTION 


Fic, 29—One of the problems from the Cox Mechanical Models Test. 


It should be mentioned that the Cox tests also include a 
number of printed problems, involving somewhat similar 
models, which may be given to groups. The Cox tests in 


their entirety, therefore, embrace both the individual and 
group forms of testing. 


Minnesota Mechanical Assembly Test: 


This is another individual test of mechanical ability which 
has been found useful in a number of industrial situations. 
One form of the test is illustrated in Figure 30. It consists 
essentially of a number of commonplace mechanical devices, 
such as a safety razor, a mousetrap, and an electrical plug 
fixture, all of which may be easily taken apart and re-assem- 
bled. The person tested is required to assemble the parts of 
each article into the finished product. One criticism that 


55 D. G. Paterson, R. M. Elliott, L. D. Anderson, H. A. Toops, and E. Heid- 
breder, Minnesota Mechanical Ability Tests (University of Minnesota Press 
1930). Á 


MENTAL AND MECHANICAL TESTS 111 


has been leveled against this type of test is that the persons 
tested are likely to vary in their familiarity with the various 
items, and hence the test is likely to measure this familiarity 
rather than mechanical ability. In spite of the validity of 
this criticism from a theoretical viewpoint, the fact remains 


= Se 
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This fact, rather than a theoret- 


serviceable measuring scale. 
ical criticism, is the basis upon which it should be evaluated. 


O'Connor Wiggly Block Test** 

Another test that has become well known within the past 
few years, particularly among industrial men, is the O’Connor 
Wiggly Block Test. This test consists of nine pieces of wood 
cut after the fashion of a three-dimension jig-saw puzzle so 
that the parts may be assembled into a single rectangular 
block. Experimental investigations of this test, such as the 
one reported by Remmers and Schell, indicate that its 


46 Johnson O’Connor, Born That Way (The Williams and Wilkins Co., 


1928). 
47 H. H. Remmers and J. W. Schell 


Test,” Personnel Journal, XII (1933), 


1, “Testing the O'Connor Wiggly Block 
pp. 155-159. 


that, in practical situations, the test has shown itself to be a 
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validity is high within the limit of its reliability, but that the 
coefficient of reliability of the test is only .35. This low 
reliability is no doubt due, at least in part, to the fact that the 
entire test consists of assembling a single block; that is, the 
test really consists of only a single item or task. Experience 
has shown that the reliability of a test is nearly always 
increased by increasing the length or content of the test. 
This result is due to the simple fact that, with a large sampling 
of behavior responses of the person tested, a chance success or 
failure on one or two items will not appreciably affect the 
total score. But if a whole test consists of only one item or 
task, the chance element becomes very important in deter- 
mining the final test score. Thus with only a single test 
item, such as the Wiggly Block, high reliability could hardly 
be expected. It is quite possible that the reliability of this 
test would be much higher if it consisted of a series of such 
blocks similar in principle but differing slightly in design. 

Since such a set of test blocks is not at present available, 
it is suggested that users of the Wiggly Block Test use it in 
conjunction with other tests of mechanical comprehension 
and interpret the Wiggly Block score only as a part of a more 
complete test profile. "This procedure will avoid the mistakes 
in measurement that are likely to result when complete 
confidence is placed in a one-item test. 


Purdue Mechanical Assembly Test: 


This test, illustrated in Figure 31, consists of a series of 
eight boxes of uniform floor area. In each box a mechanism 
may be assembled so that a certain type of mechanical action 
takes place. The person tested is first shown the nature of 
the task by means of a simple illustrative box, and then is 


allowed. a certain predetermined time for assembling the 
mechanism in each box. 


8 M. R. Graney, “The Construetion 'alidati 
Y : ^ . struc and Validation of a New Type of 
Mechanical Assembly Test” (A Thesis submitted to the faculty of Pardie 


University in partial fulfill i 
F [miden ulfillment of the requirements for the degree of Doctor 
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The test involves several changes over previous mechanical 
assembly tests. The mechanisms involved are entirely new 
to all the subjects tested. They do not consist of familiar 
objects such as have been utilized in many mechanical 
assembly tests. The series of boxes encompasses every 
principle of mechanical operation, that is, various types of 
levers, gears, rack, pinion, worm, and so on. A sufficient 


— N 


Assembly Test. 


echanieal 


Fre. 31—Purdue ? 


number of assembly tasks are included so that a satisfactory 
reliability has been achieved (r = .88). Studies on the 
validity of this test are discussed on page 118. 


General Versus Specific Factors in Mechanical Ability 
In considering the preceding tests of mechanical ability or 
rehension, several questions are likely to arise in the 
ome f the sul Why is it necessary to have several tests 
oF edinin ability rather than just one? Is mechanical 
bility a single, unitary characteristic, like height or weight, 
- us " a series of partially unrelated abilities, like musical 
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talent? Are there different types of mechanical ability that 
are needed in different amounts for success in different 
mechanical jobs? 

Although these questions have not been finally answered 
by psychological experiments, sufficient data are available 
to justify certain general statements upon which the answers 

. depend. Evidence from several studies shows that some 
degree of general or common element is involved in the 
skills or abilities that we ordinarily think of as mechanical 
abilities. In Stenquist's? early work, it was found that a 
serles of mechanical tests showed average correlations with 
each other in the neighborhood of .65. Such high inter- 
correlations can be explained only in terms of a general factor 
operating in all of the tests. The work of Cox also supports 
the concept of a general factor in operations in which the 
subject is called upon to deal mentally with mechanical 
movements. 

In support of the contrary idea—that most mechanical 
tasks are essentially different from one another and conse- 
quently call for a specific type of mechanical ability—Viteles*! 
mentions specifically the work of Perrin? Muscio,? and 
Seashore.4 However, a comparison of the kinds of tests 
used by Stenquist and Cox, on the one hand, and Perrin, 
Muscio, and Seashore, on the other, reveals that the tests 
employed by the former men deal primarily with mental 
comprehension or understanding of mechanical principles, 
whereas those used by the latter group are primarily tests of 


: 49 J, L. Stenquist, “ Measurements of Mechanical Ability,” Columbia Univer- 
sity Contributions to Education (1923), No. 130. 
50 Cox, op. cit. 
51 M. 8. Viteles, Industrial Psychol W. W. Nort 
wj Ed Perin. a ychology (W. W. Norton & Co., 1932). 


An Experimental Study of Mot Ability,” 
Experimental Psychology, IV (1921), pp. 24-56. HUBS Aag Senet gf 


53 p, Muscio, “Motor Capacity with Special Reference to 
ance," British Journal of Psychology, XIII (1922), pp. 157-18. 


* R. H. Seashore, “Stanford Motor Skills Unit," Ps. T 

ychol 1 Mi 
XXXIX (1928), pp. 51-66, and “Individual Differences in Men Skills,” Jone 
nal of General Psychology, YII (1930), pp. 38-66. ; i 
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muscular co-ordination or dexterity. In view of this marked 
difference in the nature of the tests themselves, it is not 
surprising that different conclusions concerning the existence 
of a general factor were reached. In the mental aspects of 
mechanical ability, that is, in the understanding of mechanical 
principles, there seems to be considerable evidence for the 
existence of a general factor, which, when present, will enable 
the applicant to perform well on most or all tests of mechanical 
comprehension. But in the manipulative aspects of muscular 
performance, we most certainly agree with Seashore’s con- 
clusion that “‘the independence of skills measured by these 
[motor] tests argues against any theory of general motor 
ability.” 

A consideration of the skills demanded of the industrial 
tradesman or skilled machine operator indicates that this 
employee usually succeeds or fails in proportion to his training 
and general mechanical comprehension, not in proportion to 
his basic dexterity. This fact does not mean that successful 
tradesmen do not need skilled movements, but it does mean 
that such muscular co-ordination as may be needed can be 
developed by the majority of tradesmen in training and that 
it is a lack of mechanical comprehension, rather than inability 
to develop the muscular aspects of the job, that may prevent 
them from becoming really proficient in this line of work. 
This conclusion was also reached by Harrell,** who concluded 
that mechanical ability consists principally in the ability to 
visualize certain aspects of the job and only to a negligible 
extent in muscular dexterity. For this reason, tests such as 
the Bennett, Stenquist, O’Rourke, Revised Minnesota Paper 
Form Board, and the Purdue Mechanical Adaptability Test 
are more serviceable in selecting apprentices for the several 
trades than are tests of muscular co-ordination or dexterity. 
It is unlikely, however, that any one of the above tests can 


esting the Abilities of Textile Workers,” State Engineering 


55 W, Harrell, “T H 
duet Station Bulletin, Georgia, I. T (1940), pp. 14. 
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be used as a substitute for the others. As mentioned in their 
respective descriptions, these tests differ markedly in content, 
and these differences often result in one or another of the tests 
being adapted to specific industrial jobs. In evaluating these 
tests for any specific purpose it is necessary to determine 
experimentally which type of test correlates with known 
ability on the job in question. Any company contemplating 
the use of mechanical comprehension tests should carry on 
sufficient experimentation in its own plant to be sure that the 
tests used are actually measuring what is desired in the 
employee. The following sampling of studies of this type 
illustrates what may be expected of these tests if care is used 
in their selection and validation. 


Uses of Mechanical Ability Tests 


Selection of pressmen and machine operators 


Hall** has reported a study in which the relationship was 
determined between scores on the Minnesota Paper Form 
Board Test and ratings of skill of 89 job and cylinder pressman 
apprentices. A correlation of .58 was found between test 
Scores and rated job ability. It was also found that 70 per 
cent of the inferior workers obtained. test scores below 45, 
whereas only 6 per cent of the workers of average skill and 
5 per cent of those of superior skill received scores below 45. 
Hall concludes from this investigation that this test may 
profitably be used as one tool in the selection of pressman 
apprentices. 

Shartle? has reported similarly favorable results from a 
battery of tests designed to select electrical troublemen. 
Shartle's final battery consisted of six tests, several of which 
were similar in general content to the mechanical ability tests 
described in the preceding section. His results show that the 


55 O, M. Hall, “An Aid to the Sel 
Journal, IX (1930), pp. 77-85. 

5 C. L. Shartle, “A Selection Te 
Journal, XI (1932). pp. 177-183. 
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scores on this test battery correlated .67 with foremen’s 
ratings of ability on the job. 

In an unpublished study by the author, a correlation of 
.47 was found between scores on the Bennett Test of Mechani- 
cal Comprehension and foremen’s ratings of job performance 
for a group of forty-seven paper machine operators. A 


N 
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10 
‘0 
"Score on BENNETT TEST OF MECHANICAL 
COMPREHENSION 
Fic. 32— Relation between score on Bennett Test of Mechanical Comprehension 
! and rated ability of paper machine operators. 


scattergram showing the relationship between rated job 

erformance and test scores for this group is shown in Figure 
32. Although the relationship as revealed in this scattergram 
is far from perfect, it will be noted that a critical score set 
anywhere between thirty and fifty items correct will divide 
the employees so that those scoring above the critical score 
will include a definitely higher percentage of high-ability 
employees than will be found among those scoring below the 
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critical score. For example, ten of the eleven employees 
testing above fifty-one on this test are in the top half of the 
distribution according to rated performance on the job. 
Harrell’: reports a similar study of the relationship between 
mechanical ability test scores and the job performance of 
cotton mill machine fixers. In this investigation it was 
found that a fifteen-item adaptation of the Stenquist test 
showed a correlation of .42 with foremen’s ratings of the job 
performance of the employees. 

In a study of power sewing machine operators conducted 
by Otis," it was found that a battery of tests which included 
the Minnesota Paper Form Board Test yielded a multiple cor- 
relation of .57 against the quality of work of these operators. 

An investigation with the Purdue Mechanical Assembly 
Test showed that this test correlated .55 with supervisors' 
ratings of machinists and machinists’ helpers in one plant. 
In another plant, a correlation of .35 was found between the 
test scores and ratings of machinist apprentices by their 
instructors. f 

A study using the Purdue Mechanical Adaptability 'T'est*! 
on a group of fourteen refrigerator plant mechanies and main- 
tenance men resulted in the Scattergram shown in Figure 33. 
In this study, the rank order correlation between test scores 
and ratings was .84. 1 
_ In another study using the Purdue Mechanical Adaptabil- 
ity Test, 46 machine operators from a screw manufacturing 
company were rated by supervision for their proficiency on 
the job. A chart showing the percentage of superior opera- 
tors receiving superior ratings among groups scoring succes- 

55 W. Harrell, “The Validi etai : Y 
st Cig Nu tes ree Men ty To ra 

5? J. L. Otis, “The Prediction of Success in Power Sewing Machine Operat- 


ing,” Journal of Applied Psychology, XXII (1938), pp. 350-366. 
°° Graney, op. cit. 


* C. H. Lawshe. Jr., Irene Semanek and Joseph Ti G 
; Y , ph Tiffin, “The Purd 
UM Adaptability Test," Journal of Applied Psychology, XXX (1946), 
pp. 442-453, i 
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Fic. 33—Relation between scores on Purdue Mechan- 
È ical Adaptability Test and rated ability of 14 refrigerator 
plant mechanics and maintenance men. 
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ADAPTABILITY TEST SCORE 


Fra. 34—Percentage of automatic screw machine operators who 
are rated '' high" when successively higher test scores on the Purdue 


Mechanical Adaptability Test are used. 


Purdue Mechanical Adaptability Test is 
This chart indicates that of men scoring 
that included all the operators), only 
superior, while among operators scoring 
ent were rated superior operators. 


sively higher on the 
shown in Figure 34. 
" 60 or more (a group 
37 per cent were rated 
95 or above, 65 per ¢ 
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McMurry and Johnson®™ report an investigation on the 
selection of welders in which they found a correlation of .66 
between the ability of the men and their scores on the Bennett 
Test of Mechanical Comprehension. Shuman has reported 
two studies? in which significant correlations were found 
between ability of both employees and supervisors in an 
airplane engine and propeller plant and their scores on the 
Bennett Test and Minnesota Paper Form Board. In scoring 
both operators and supervisors in these studies, Otis Mental 
Ability Test scores were also found significantly related to 
job success. 


Selection of students for vocational training 


Tests of mechanical ability or comprehension are not 
limited in their application to the machine operating and 
maintenance jobs of modern industry. A number of investi- 
gations have shown that such tests are ideally suited to be a 
part of an aptitude test battery for the prediction of success 
in several types of vocational training. For example, Laycock 
and Hutcheon“ have reported that a test battery consisting 
of high-school grades, the American Council Psychological 
Examination, the Cox Mechanical Aptitude Test, the Min- 
nesota Paper Form Board Test, and a questionnaire covering 
interest in physical science gave a multiple correlation of 
.66 with later achievement in engineering courses. 

From such investigations as these we m 
that mechanical aptitude or comprehensi 
real aid to the employment manager i 
employees for a wide variety of industria 
these tests do not measure the same ca 


ay safely conclude 
on tests furnish a 
n the selection of 
l jobs. In general, 
pacities or abilities 
62 R. N. McMurry and D. L. Johnson, 


: d : “Development of Instruments for 
Selecting and Placing Factory Employees," Advanced Management, XX (1945), 
pp. 113-120. 


55 J. T. Shuman, “The Value of Aptitude Tests for Supervisory Workers in 
the Aircraft Engine and Propeller Industries,” Journal of Applied Psychology, 
XXIX (1945), pp. 156-160 and pp. 185-190. i 

5! Layeock and Hutcheon, op. cit. 
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that are measured by general mental ability tests, as evidenced 
by the fact that a study conducted in the Hawthorne works 
of the Western Electric Plant® shows a correlation, for 749 
employees, of only .39 between the Otis Self-Administering 
Test of Mental Ability and the Minnesota Paper Form Board 
Test. This does not mean that one should adopt the either- 
or philosophy of using a mental ability test or a mechanical 
comprehension test. Rather it means that one should use in 
proper combination whatever tests have been found indi- 
vidually to relate to success on the job in question. 


What Mechanical Aptitude Tests Should Be Used 


The remarks made on page 87 relative to the choice of a 
suitable intelligence test for any given job apply also to the 
choice of a mechanical aptitude test. 

The several available mechanical aptitude tests differ in 
content, emphasis, extent to which they measure aptitude or 
immediate knowledge, and in several other respects. As a 
result of these differences, the several tests are of quite 
different value for different jobs of placement. No one can 
say with certainty which test will be of greatest value in 
selecting employees for a specific job without carefully 
studying the relationship between test scores of employees on 
that job and their actual job success. The fact that several 
tests of mechanical aptitude are available increases the 
chances that at least one of these will be suitable for any 
specified purpose if a sufficient study of the job is made to 
locate the proper test. With experience, one can make a 
reasonably judicious choice from a careful study of the job 
and an analysis of the content of the various tests available. 
But such a choice should always be checked by correlating 
the test scores against actual success on the job; and the final 
decision as to whether or not the test is to be used should be 
based upon the size of this correlation rather than upon a 
subjective judgment as to the suitability of the test. 


~~ s Western Electric Company, op. cit. 
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Dexterity, Manipulative, and 
. Achievement Tests 


A PREVIOUSLY discussed principle of testing is that usually 
no single test is sufficient for prediction of job success. Just 
as most jobs call for a combination of aptitudes, so adequate 
placement calls for a combination of psychological tests. 
In addition to determining the mental ability or mechanical 
aptitude requirements of a job, it is often necessary to deter- 
mine the amount of muscular co-ordination, bodily dexterity, 
and aptitude for manipulative work the job requires. 


Dexterity Not Related to Mental Ability or Bodily 


easurements 


Dexterity and mental ability 


The measurement of dexterity requires entirely different 
kinds of tests from those used for measurement of mental 
ability. The layman often assumes that the person who is 
“clever with his head” is also “clever with his hands,” and 
that the individual who is high in mental ability is likely to be 
equally high in bodily dexterity, muscular co-ordination, and 
aptitude for learning skilled movements. Such is not the 
case. Numerous investigations have shown that the correla- 
tion between muscular skills and mental skills is very close to 
zero. This circumstance, of course, does not mean that the 
individual who is above average in one is likely to be below 
average in the other; but it does mean that it is impossible to 
predict whether an individual who is high in one will be high, 
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average, or low, in the other. In an investigation of the 
Western Electric Company,! the correlation between the 
O’Connor Finger Dexterity Test (described on page 124) and 
the Otis Mental Ability Test was found to be .07. The 
correlation between the Hayes Pegboard (another dexterity 
test described on page 125) and the Otis Test was found to be 
zero. Each of these correlations was based on test scores of 
749 employees. These results are typical of the results of 
many similar investigations. They prove that one cannot 
measure finger or hand dexterity by means of a mental test, 
nor mental ability by means of a dexterity test. If one wishes 
to determine how much dexterity an applicant possesses, he 
must measure that dexterity by means of a dexterity test 
designed for a particular purpose. 


Dexterity and bodily measurements 

Neither is there any relation between anthropometric 
measurements and dexterity. Some employment managers 
judge the dexterity of an applicant by examining his hands 
and fingers; but when careful anthropometric measurements 
are made and the results correlated against the measured 
dexterity of the applicants, no significant relationships have 
been found. This conclusion was reached by Griffitts? and 
has been corroborated by other investigators. Perhaps in 
extreme cases, where an applicant has fingers that are stiff or 
very stubby, one could predict from an examination of his 
hands that he would probably be low in finger dexterity; but 
in the great majority of cases such a judgment would be no 
more than a guess. What an applicant can do with his hands, 
not the appearance of the hands, determines his qualifications 


for a manual dexterity job. 


1 Analysis of 1935-87 Experience in Selecting New Men for Shop Occupations. 
Privately Printed Monograph. (Western Electric Company, Hawthorne Plant, 


1939. 
) “The Relation Between Anthropometric Measures and 


2C. H. Griffitts, i opt 
Manual Dexterity,” Journal of Applied Psychology, XX. (1936), pp. 227-235. 
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Typical Dexterity Tests 


The O'Connor Finger Dexterity Test? 
This test, illustrated in Figure 35, is a widely used manipu- 
lative test. The equipment for giving the Finger Dexterity 


Fic. 35—O’Connor Finger Dexterity Test. 


Test consists of 310 cylindrieal brass pins one inch in length 
and .072 inch in diameter placed in a shallow tray, about 5 by 
6 inches, with gently sloping sides, and a metal plate in which 
100 holes have been sunk to a depth of $ inch with a AUE 


75 For reference and source of this test, see Table 13 on page 133, 
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9 drill. The diameter of the holes is .196 inch; they are spaced 
4 inch apart, thus forming ten rows of ten holes each F 
After a brief period of preliminary instruction the applikant 
is asked to fill the board—three pins to a hole—as quickly as 
possible. The frequency distributions shown in Figure 9 
page 14, were obtained by means of the O'Connor Finger 
Dexterity Test. These distributions show that the tims 
required to fill the board varies from around five to fifteen 


Fic. 36—The Hayes Pegboard. 


minutes, depending upon the amount of finger dexterity pos- 
sessed by the applicant. The reliability of the test, obtained 
by correlating the first half against the second half, is .98. A 
number of investigations showing the practical applications 
of this test in industrial situations are discussed on pages 


132-134. 
The Hayes Pegboard* 


This test, illustrated in Figure 36, also measures finger 


dexterity but involves, in addition, an element of hand and 


i Elinor G. Hayes, “Selecting Women for Shop Work,” Personnel Journal, 
‘ , 


XI (1932), PP- 69-85. 
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arm co-ordination. The board contains two rows of 26 holes. 
The rows are one inch apart and the holes in each row are 
spaced one-half inch apart. Each hole is .125 inch in diam- 
eter. The two boxes containing the pins each have inside 
measurements of.2$ inches by 14 inches by 1 inch. The pins 
are 1$ inches long and .115 inch in diameter. The center of 
the top hole in each row is $ of an inch from the closest inside 
edge of the pin box. 

The administration of the test calls for a brief (ten or 
fifteen second) practice period after which the applicant is 
given nine trials of one-half minute each. These nine trials 
are arranged as shown in Table 12. 

The score on this test is the total number of pins placed 
during the 4$ minutes of actual testing time distributed in the 
nine trials summarized in Table 12. Specific studies in which 


this test has been found of value in placement are discussed 
on page 136-137. 


TABLE 12 
SEQUENCE or TRIALS IN ADMINISTERING THE Hares PEGBOARD 
Trial Time Description 
1 i minute Placing pins from right box in right row with right hand 
P 4 minute Placing pins from left box in left row with left hand, ` 
3 4 minute Simultaneously placing pins from right box in right row 
with right hand and from left box in left row with 
left hand. 
4 4 minute Placing pins from right box in right row with right hand 
5 4 minute Placing pins from left box in left row with left hand i 
6 1 minute Simultaneously placing pins from right box in right row 
re Td hand and from left box in left row with left 
and. 
7 4 minute Placing pins from right box in right row with ri 
8 3 minute Placing pins from left box in left row with left Perana 
9 4 minute Simultaneously placing pins from right box in right raw 
with aghe hand and from left box in left row with left 
and. 


Purdue Pegboard* 


This test, which is illustrated in Figure 37, measures 
separately two basic aspects of manipulative dexterity. The 


5 Distributed by Science Research 
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assembly of a series of pin-collar-washer arrangements 
measures five finger dexterity of the type measured by the 
O’Connor Finger Dexterity Test. The placing of pins into a 
series of holes measures manual dexterity of the type involved 


Fic. 37—Purdue Pegboard. 


in the Hayes Pegboard. These two measurements may be 
obtained with the same board and require only 2} minutes of 
testing time. The Purdue Pegboard results in separate 
measurements for right hand, left hand, and both hands. 1 
A further advantage of the Purdue Pegboard is that it 
ean be given to ten or more persons simultaneously. All that 
is required for such group testing is a test board for each 
person and the careful attention of the test administrator. ê 


i i y i fully given 
6 ne industrial employment office this test has been successfull; 
by sates examiner at the rate of fifty applicants per hour. Ten test boards 


were used simultancously in this office. 
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Purdue Hand Precision Test 

This test, which deals particularly with precision of hand 
movement, is illustrated in Figure 38. The applicant punches 
a stylus successively into holes that are uncovered by a 
rotating shutter at the rate of 126 holes per minute. The 
holes uncovered are .5 inch in diameter and are located on the 


Fic. 38—Purdue Hand Precision Test. : 


corners of an equilateral triangle measuring 3.5 inc] 
side. 9 menes on a 
The applicant is shown that his task is to 
into each hole as it is uncovered without all 
to touch the side of a hole or be caught by the 

The shutter is driven by a friction clutch so that i 

stylus is caught the apparatus is not dama T case the 
thirty-second practice period, a switch is thr iis - After a 
timer which operates whenever the E rapes 
ne Stylus is in 


punch the stylus 
owing the stylus 
rotating shutter. 


a cumulative 
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contact with the side of a hole or the shutter. The test 
consists of a two-minute period of punching which follows 
~ immediately and without interruption after the practice 
period. The score is the number of seconds of contact time 
(contact of stylus with side of hole or shutter) occurring during 
the two-minute testing period. The score suos dred 
racy; thus the larger the figure, the poorer the score. Studies 
in which this test has ‘oome through" are summarized im 


page 306. 
MacQuarrie Test for Mechanical Ability" 


The dexterity tests described above are instrumental and 
all but the Purdue Pegboard must be given individually. 


Tracing: Applicant draws a line from "start" to X without crossing a vertical line. 


:OOO0O0QQOQOO 


Dotting: Applicant places three dots in each circle as quickly as*possible. 


uces the drawings by connecting the appropriate dosfan 


Vopying: Applicant reprod g 
ht of each drawing. 


the area to the rig! 
the MacQuarrie Test for Mechanical Ability. This test 


, Fic. 39—Several parts of echa 
is essentially a group test of muscular co-ordination and control. 


wq ow. MacQuarrie, 
Test Bureau, 1925). 


MacQuarrie Test for Mechanical Ability (California 
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This is true of most dexterity tests. A few are of the paper- 
and-pencil type and are therefore adapted to group testing. 
Of these, one of the most serviceable is the MacQuarrie Test 
for Mechanical Ability. Several parts of this test are 
illustrated in Figure 39. The test measures speed and 
accuracy of tracing, tapping, dotting, copying, letter location, 
block identification, and visual pursuit. The first three of the 
parts deal primarily with manual dexterity. The several 
parts may be scored separately, which makes it possible to 
correlate each part against a criterion and determine the 
optimal weighting of the parts for any specific type of pre- 
dictive use. 


Minnesota Rate of Manipulation Test? 

This test consists of 58 round blocks 174 inches in diame- 
ter and $ of an inch thick, and a board approximately 3 feet 
long and a foot wide containing 58 holes, each 1% inches 
in diameter. Two tests may be given with this equipment, 
namely, the placing test and the turning test. The placing 
test requires that all the blocks be placed in the holes in the 
board. The turning test requires that all the blocks be turned 
over. In addition to the early descriptions of this test, later 
work on norms and a modified method of administration have 
been published, respectively, by Cook and Barre? and by 


Jurgensen.!? 
Other dexterity tests 


A dexterity test that worked well in placing operators on 
the job of looping in the hosiery industry makes use of a 


8 H. J. Green, I. R. Berman, D. G. Paterson, and M. R. Trabue, “A Manual 
of Selected Occupational Tests," Bulletin of the Employment Stabilization 
Research Institute II, (1933), pp. 59-85. 

» D. W. Cook and M. F. Barre, “The Effect of Specialized Industrial Norms 
on the Minnesota Rate of Manipulation Test as a Selective Instrument in 
Employment Procedure," Journal of Applied Psychology, XXVI (1942), pp. 785- 

2. 
il 10 ©, E. Jurgensen, "Extension of the Minnesota Rate of Manipulation 
Test," Journal of Applied Psychology, XXVII (1943), pp. 164-169. 
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grooved pegboard. This test calls for a board containing five 
rows of five holes each. The holes are .125 inch in diameter 
and are spaced + inch apart. On one side of each hole a 
groove has been cut. The location of these grooves is varied 
randomly from one hole to another. Each of the pins to go 
in the holes has a key along one edge so that the pin may be 
inserted in the hole only when the key and groove are located 
correctly with respect to each other. This test is referred to 
as the Purdue Grooved Pegboard. The test is scored by 
determining the average time required to fill the board for 
the third and fourth trials of four that are allowed. 

Many other tests of dexterity, muscular co-ordination, or 
manipulative ability are available. Some of these are 
specifically adapted to certain jobs and are of little value for 
other types of placement. Others have been found suitable 
as placement tests for several different kinds of jobs. Before 
accepting any one of these tests as suitable for any given job, 
one should be sure the test actually comes through" in an 
evaluation of the type described on pages 52-62. The names 
and sources of some of the more commonly used tests of this 


iype are summarized in Table 13. 


The Uses of Dexterity Tests 

It has been amply proved both by experiment and experi- 
ence that the finger and manual dexterity of applicants, as 
well as their muscular co-ordination, 1s revealed much more 
accurately by dexterity tests than by any other procedure 
that may be used at the time of placement. As Hurt?! has 
said, “Remarkable differences among individuals have been 
revealed by these tests, differences which a simple interview 
would never have brought to light.” The magnitude of these 
differences in the case of finger dexterity has already been 


indicated by Figure 9 on page 14. It remains now to discuss 


1 J, Hurt, “Evaluating Applicants by Dexterity Testing,” Employment Serv- 


ice News, VI (1939), pP- 7-8. 
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the relation between dexterity, as measured by such tests, and 
efficiency on the job after the employees have been placed. 


Finger dexterity in watch making 


Candee and Blum" have reported a study of the relation 
between finger and tweezer dexterity and the efficiency of 
workers in a watch factory. They found a statistically 


significant difference between average scores on the O'Connor ^ 


Finger Dexterity Test of the superior and mediocre workers. 
This relationship is represented by a correlation of .26 between 
foremen's ratings and test scores. The fact that the obtained 
correlation was no higher was due, in all probability, to the 
unreliability of the foremen’s ratings. However, even with a 
validity coefficient of .26, the test will have real value as a 
placement device if a sufficiently small selection ratio is 
utilized. A tweezer dexterity test’ (a similar test in which a 
pair of tweezers instead of the fingers is used in placing the 
pins), on the other hand, showed practically no relationship 
with foremen’s ratings. One might conclude, a priori, that 
since much of the work in a watch factory is done with a pair 
of tweezers, a test involving tweezer dexterity would be a more 
desirable test for this type of work than one involving finger 
dexterity. The experimental facts, however, support the 
opposite conclusion. This case will serve to illustrate again 
the fact that tests should not be accepted merely because of 
logical considerations in the absence of experiments which 
clearly show whether they will or will not work for the job in 
question. 


Finger dexterity in small assembly work 
A study of the O’Connor Finger Dexterity Test in ee 
electrical fixture assemblers and radio assemblers has been 


12 B. Candee and M. Blum, “Report of a Study Done in a Watch Factory.” 
Journal of Applied Psychology, XXI (1937), pp. 572-582. ch Factory, 
13 For reference and source of this test, see Table 13 on — | 
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reported by Tiffin and Greenly. In the case of electrical 
fixture assemblers, after experience on the job had been ruled 
out by partial correlation, the test scores were found to cor- 
relate with productivity, as indicated by earnings, to the 
extent of .22, and to correlate with general efficiency as 
indicated by merit ratings to the extent of .33. Although 
these validity coefficients are not so high as might be desired, 
the statistical chances are ninety-eight out of one hundred 
that even the lower one represents a real relationship between 
the test scores and production. If the selection ratio is kept 
small, say in the neighborhood of .10, one may reasonably 
expect the test to be of definite value in placing employees on 
this job. 

In the case of radio assemblers, no objective criterion of 
employee success was available because the wiring of a radio is 
a line assembly job and the operators are paid on a straight 
hourly basis. In the absence of differential earnings, pooled 
ratings of the employees by four raters (the department 
foreman, line foreman, former line foreman, and personnel 
manager) were used as the criterion of employee efficiency. 
These pooled ratings had a reliability of 77. With experience 
on the job held constant by partial correlation, the correlation 
between these pooled ratings and finger dexterity test scores 
was .27. It might be added that a composite test score 
obtained by combining the finger dexterity scores with Scores 
on the hand precision test (see Figure 38), visual acuity, and 
color perception gave à multiple correlation of .60 with rated 
efficiency on the job. 


Dexterity on other jobs 

An experiment showing the value of dexterity tests in 
selecting coil winders, operators of punch presses (and similar 
machines), operators of insulation machines, and bench bands 


14 Joseph Tiffin and R. J. Greenly, “Employee Selec: 
Fixture Assemblers and Radio Assemblers,” Journal 
XXIII (1939), pp. 240-263. 
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has been reported by Hayes. Hayes used two dexterity 
tests—the Hayes Pegboard and the O'Connor Finger Dexter- 
ity Test. A scoring system which combined the two test 
scores, with weights determined by their respective relations 
to job success, was worked out for each of the jobs studied. 
The criterion of success in the case of machine operators was 
output during the first eight weeks on the job. The reliability 
coefficients for this criterion for the three types of machine 


operators were as follows: 
Reliability of 
the Criterion 


iol] WIBHGISu: imag etu axe wish Tey pei ote us quete e .78 
Operators of Punch Presses and Similar Machines......... .81 
87 


Operators of Insulation Machines....... e eererersee i 


The criterion for bench hands was the supervisors’ estimates 
hether the employees were quick, fair, or slow learners, 
tage of standard tasks, which had been 
work jobs, attained during the first 
of this criterion for the four-week 


of w 
based on the percen 
set up for the bench- 
month. The reliability 


period was .89. 

The results of Hayes' experiments are summarized in four 
charts, Figures 40-43. In each of these figures, the key 
identifies the proportion of employees who were quick, slow, 
or fair learners, or who did not complete thetraining. Ineach 
case the employees were divided into six groups according to 
the composite score on the pegboard dexterity tests at the 
time of hiring. Throughout these results, for all four types 
of jobs studied, there were, among employees scoring high on 
the tests, à relatively large proportion of quick learners and 
a relatively small proportion of learners who were average or 
slow, or who did not finish the training period. These 
results are sufficiently clear-cut to justify the use of the dex- 
terity tests as an aid in selecting employees for the jobs 
studied. * 


A thorough “follow-up” study of the value of dexterity 


15 Hayes, 0P- cit. 
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learning for a group of 214 insulation machine operators. 
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tests (as well as certain other tests) in the selection of male 
employees for a variety of occupations has been carried on in 
the Hawthorne Works of the Western Electric Company.!* 
In this study, 749 of the men hired between October 1, 1935, 
and April 30, 1937, were given a battery of four tests, two 
of which were the O'Connor Finger Dexterity Test and the 
Hayes Pegboard. The essential procedure of the study 
consisted in *'follow-up"' analyses of the work history of these 
employees to determine what facts about this work history 
could have been predicted in a better-than-chance manner 
from a knowledge of the test scores at the time of, hiring. 

As there was some variation in the average score on 
certain tests from one three-month period, or quarter, to 
another during the six quarters in which the study was con- 
ducted, it was necessary to exclude the effect of this time 
factor in analyzing the results. This was done.by separating 
the records into six quarter-year periods, according to the 
quarter in which the man entered the company. The anal- 
yses were made separately for the men in each quarter and 
the final result obtained by later combining these results. 

Table 14 shows the differences in several criteria of job 
performance between employees testing above and below 
average on the dexterity tests. In evaluating the results 
summarized in this table, it should be kept in mind that the 
test scores were filed shortly after the employees were hired. 
The scores could in no way have influenced the judgment of 
supervisors in determining those criteria of job performance 
in which judgment is a factor. 

In Table 14 the column labeled “high” refers “to the 
employees testing. above average on the test. The column 
labeled “low” refers to employees testing below average. 
While it will be noted that the high-testing employees are not 
greatly superior, on the average, to the low-testing employees 
in the several criteria of job success, it is probably not a matter 


1$ Western Electric Company, op. cit. 
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of chance that the high-testing employees on the Hayes 

Pegboard excel the employees testing below average on this 

test in six out of the seven criteria. " 
TABLE 14 


Dexterity Test Sc 3 E E 78 MEASURES E: 
E: E; oRnEs RELATED TO Various Mr 
d EAS or Jos PERFORM: 
ANCE $ 


O'CONNOR FINGER 
DEXTERITY TEST 


HAYES PEGBOARD 


CRITERION 


High | Low | Diff.* | High | Low | Diff. * 


Per cent of persons who have left the 
company for reasons other than 
resignation. s eene eo e neee 

Personhel Rating (1937). . 

Increase in weekly earnings since em- 
ployment (Piece rate employees). .|$9.91 89.54 

Increase in weekly earnings since em- 
ployment (Day rate employees): . . 

Progress in Labor Grade since em- 


ployment..s... 2t . 
Per cent of persons without accidents 


since employment. ..--.++- 15+": 
Per cent of persons without an illness 


since employment... 775007 


10.8 | 34.2 |41.6 |+7. 
3.1| 76.1 72.6 |+3 


$.37/810.10/$9.36| --S. 74 
$5.24/85.43|— $.19| $5.54/$5.14)+$.40 
47.3 45.4 |-- 1.9 | 45.8 |47.4 |—1.6 


88.2 |88.3 |— 0.1 | 88.8 |87.7 |+1.1 


en to the difference if it indicates that the high-testing em- 
le on the criterion. 
3 


* A plus value is giv! 
ployees are more favorabl 

The results with the O'Connor Finger Dexterity Test are 
in general not quite so favorable, but this test seems to be even 
better than the Hayes Pegboard in selecting employees who 
t likely to leave the company for “‘reasons other than 
resignation," that is, not likely to be laid off. The difference 
between the 43.6 per cent of low-testing employees and 32.8 
per cent of high-testing employees who left the employ of the 
company for reasons other than resignation is significant from 
a, statistical viewpoint. One may safely conclude that by 
using these simple dexterity tests as an aid in placing employ- 
persons will be placed who will tend to stay longer on the 


are no 


ees, 
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job, who will be considered the best employees by their 
superiors, who will show more rapid increases in piece-rate 
or daily earnings, who will progress more rapidly in labor 
grade, and who will be at least no more likely to experience 
accidents or sickness than persons placed without the tests. 

A number of other organizations have found tests of 
dexterity and museular co-ordination helpful in the placing 
of employees on certain types of jobs. Typical of such 
investigations is a series of studies by Drake" in the selection 
of inspectors for the Eagle Pencil Company. Most of the 
tests that Drake describes are of the manipulative type, 
though some deal with other aspects of employee aptitude, 
such as visual perception and acuity. One new pegboard 
test described by Drake has a reliability of .92 and a validity 
of.59. A test having a validity coefficient as high as .59 is of 
considerable value even when it is not possible to work with 
a low-selection ratio. 

Blum and Candee!* have reported an investigation dealing 
with the relation between rated job success of packers and 
wrappers in a department store and scores made on the 
Minnesota Placing and Turning Test. They found the 
ratings to be correlated .35 and .27, respectively, with 
the placing and turning scores on the test. 

Blum?? has published a study in which both production 
records and supervisor's ratings of sewing machine operators 
were correlated with scores made on the MacQuarrie Test 
for Mechanical Ability and an ingenious test, similar to a work 
sample, known as the Blum Sewing Machine Test. He 
found that parts of the MacQuarrie Test were significantly 
related to production records, and that the Blum Sewing 


17 C, A. Drake, “Aptitude Tests Help You Hire,” Factory M. 
Maintenance, XCV (1937), pp. 55-57. , y Management and 
18 M. Blum and B. Candee, “The Selection of Department S 
x $ z ti 
and Wrappers with the Aid of Certain Psychological Tests,” J se Pen 
Psychology, XXV (1941), pp. 76-85. ERNE 
19 M. L. Blum, “Selection of Sewing Machine Operators,” " 
Psychology, XXVII (1943), pp. 35-40. NUNG A plien 
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Machine Test (which i y in his report) i igni 
wer il : "pue BN in his report) is also signifi- 
Another illustration of the practical effectiveness of 
dexterity test in selecting employees is the case diseussed in 
an earlier chapter (page 79) of loopers in a hosiery mill 
Tt will be remembered that a dexterity test alone tener 
the means of markedly reducing the learning cost of employees 


on this job. 
An unpublished study on the use of the Purdue Pegboard 


with employees on an operation known as quilling in a textile 


PRODUCTION INDEX 


" 12 


GBOARD ASSEMBLY SCORE 
rs” in relation to succes- 
n the assembly part of the Purdue Pegboard. 
by courtesy of Burlington Mills Corporation, 


9 10 
MINIMUM ACCEPTABLE PURDUE PE 
Tre. 44—Job performance of ‘‘quille 


sively higher scores © 
(From data supplied 
Burlington, N- C.) 

he curve plotted in Figure 44. Production 
ht operators of approximately equal 
In Figure 44, these production 
um assembly scores on the 


indices are plotted against minim: 
Purdue Pegboard. As the curve shows, among the operators 
bove (a category including all the operators) 


scoring nine or a 
the average production index was 94; with successively 
higher minimum. scores, the average production index was 


also successively higher. 
In using dexterity tests, it is partieularly important ho 


in mind the fact that à test that at first sight seems ideal 


mill resulted in t 
indices of twenty-elg 


experience were obtained. 
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for a given job may not “come through" in practice; while 
one that does not seem to be so satisfactory may produce 
results much more highly related to success on the job. This -+ 
need for caution in the selection of tests is amply proved by 
such reports as those of Ghiselli? on experimental Work done 
with package wrappers and inspector-packers. 


Selection of apprentices 

Trade apprentices need much more than capacity for 
developing the manipulative aspects of their trade. They 
need, first of all, capacity for learning the fund of knowledge 
that is required of an expert tradesman, This capacity is 
better measured by tests of mental ability and mechanical 
comprehension than by tests of dexterity and missio 
co-ordination. Yet, in spite of the fundamental importance 
of these mental capacities, the element of dexterity is also of 
some importance in achieving success as a trade apprentice. 
Allen,?! for example, reports that a battery til Gren fente 
covering intelligence, mechanical aptitude, mechanical ability 
and dexterity was found of value in selecting boys who ais 
able to make satisfactory progress in learning the various 
skilled trades. While three of the four elements measured in 
this study deal with the mental aspects of the trainees, į 
significant to note that dexterity also was of some j : e 
In a later study, Allen and Smith? report that, the “ee 
battery of tests showed a correlation of 82 between Scores 
obtained before training and after training, The significance 
of this finding is that such tests may be used with Confidence 
before training is given; that is, the ranking of applicants at the 


20 E E. Ghiselli, “Tests for the Selection of Inspector-Packers » 


h sychology, XXVI (1942), pp. 468-476, and “The Use x 
iq oe tt Manipulation and the O’Connor Finger Dexterity E 
pw an of Package Wrappers," Journal of Applied Psychology, Xx 
pelec 3 
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N he: nii pee of Industrial Psychology, V (1931), pp. 379-ggq ^ mal of the 
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time of hiring will not be significantly modified by training 
on the job. 

The preceding discussion has been largely concerned with 
dexterity tests alone. In actual practice, the most effective 
use of any program of tests usually involves a combination of 
several types of tests, as in the work of Allen and Smith just 
described. Typical of such combinations or batteries is the 
group of tests proposed by Otis? for the selection of power 
sewing machine operators. Otis followed the customary 
large number of tests, each indi- 
vidually against à criterion of job success, and then determin- 
ing which combination of the original tests best predicted the 
criterion. He used separate criteria for quality of work and 
that a somewhat different 
battery should be used in predicting these two phases of job 
performance. A battery consisting of the Minnesota Voca- 
tional Test for Clerical Workers? (name comparison), 
Poppelreuter Tracing Test” (time score), the Poppelreuter 
Weaving Test?* (paper folding test), the Minnesota Spatial 
Relations?” (time score), and Minnesota Paper Form Board 


Test, Forms A and B, gave a multiple correlation of .57 
ing machine operators. 


with the quality of work of the sew 
In predicting the quantity of work produced by these opera- 
tors, he found that the O'Connor Tweezer Dexterity Test, 
the Poppelreuter Tracing Test (time score), the O’Connor 
Finger Dexterity Test, the Minnesota Rate of Manipulation 
Test, and the Minnesota Vocational Test for Clerical Workers 


23 J. L. Otis, “The Prediction of Success in Power Sewing Machine Operat- 
ing,” Journal of Applied Psychology, XXII (1938), pp. 350-366. 
"^ Minnesota Vocational Test for Clerical Workers (Psychological Corpora- 


i 522 Fifth Ave. New York N. Y. 1933). " 
tiong, a Povpélreuter, “Die Arbeitskurve in der Eignungsprüfung,” Industrielle 
sychotechnik, III (1926), PP- 161-167. hs 


" D Paterson, R. M. Elliott, L- D. Anderson, H. A. Toops, and E. Heid- 
breder, "Minnesota Mechanical Ability Tests (University of Minnesota Press, 


1930). 
28 See page 105. 
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(number comparison) gave a multiple correlation of .64 with 
the actual amount of work produced by the employees. It 
is interesting to note that the Tweezer and Finger Dexterity 
'Tests are both of value in selecting the most rapid sewing 
machine operators, but are of no help in selecting the indi- 
viduals who will do the highest quality of work. The use of 
separate criteria for speed and quality of work, or even of a 
still larger number of criteria, such as those discussed on 
pages 53-55, in the validation of tests and batteries of tests, 
is often of exceptional importance to management. For some 
kinds of work or some orders, quantity is of greater impor- 
tance than quality; and for other types of work an Opposite 
situation may prevail. By knowing specifically whether the 
employees placed by means of any test program will excel in 
quantity or quality, safety, or other factors, management can 
decide more easily whether the battery of tests will select 
employees who will be able to achieve the objectives that have 
been set up as desirable by company policy. Thus, one 
company which specializes in an exceptionally high-quality 
product might use a certain battery of tests in selecting and 
placing employees, while another company which makes the 
same product in quantity at a very low price might use quite 
a different test battery. This example should serve to 
emphasize again the fact that a test battery should be adopted 
not only in accordance with the particular Job which the 
employees are doing, but also in accordance with the major 
policies and objectives of the company. Loopers in à hosiery 
mill that produces inexpensive hose might be selected by 
quite a different battery of tests from those used on et 
in a mill that specializes in a high-quality product, The 
first organization wants operators who are rapid, even 
though the quality of their work may at times be somewhat 
imperfect. The second organization wants employees who 
produce a perfect product even though their output may fall 
far below that of employees on a similar job in the first. 


. mentioned mill. 


— 
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Achievement Tests 


The tests discussed in the preceding chapter and in the 
first part of this chapter are essentially tests of aptitude, not of 
achievement.?* They are, therefore, of value primarily in the 
selection of individuals to be trained for various types of work. 
plicants are being hired who have had or 
who claim to have had a certain type of work experience, the 
most serviceable type of selection device is usually an achieve- 
ment test. For example: suppose that an industry is hiring 
a number of employees to operate a certain type of machine. 
The correct operation of the machine requires a certain 
amount of experience and training. Among the applicants 
are a few who claim to have had the necessary experience 
with some other company. Perhaps the best way to deter- 
mine whether such applicants really are expert machine 
ould be to put them on the machine in question 
for a trial period, give them little or no specific instruction, 
and determine by try-out on the job how well they can operate 
the machine. Since often the operation of such a machine 
is ‘a definite hazard to an individual who is not actually 
proficient, it would be unwise, and might even be dangerous, 
to allow an uninstructed applicant to operate an actual 
It is possible, and in times of depression even 
that some applicants may profess to have had 
certain experience that they have not had or may claim a 
degree of proficiency that they do not possess. It is, there- 

© highly desirable to make use of appropriate achieve- 
fore, 218 f such employees. Such tests 


ment tests in the selection of SU 
of determining in à convenient, simple, and 


However, when ap 


operators W 


machine. 
probable, 


simply means 
en manner, whether applicants actually possess the 
Sol roficiency that they claim to have. 
P ment tests may be of several forms. They 


E Jistinction between these two types of tests is made on page 50. 
29 The a 
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questions of the true-false or multiple choice variety, or, in 
some cases, of a miniature (and safe) replica of the job itself. 
Some job achievement tests must be given individually, 
while others may be readily administered to large groups of 
applicants simultaneously. The essential characteristic of 
the achievement test as such, in contrast with the aptitude 
test, is that the former measures how much actual job pro- 
ficiency the applicant is able to demonstrate at the time he 
seeks employment. Achievement tests are therefore of 
greatest value in the selection of employees for jobs that are 
reasonably consistent from one industrial plant to another. 


Oral Trade Questions 


Oral trade questions are among the most widely used types 
of achievement test. Such questions are convenient to 
administer and simple to interpret. The most extetisive 
research with this type of test has been carried on by Stead 
Shartle, and associates.” The general procedure Tollowen 
by this group has been described in detail in their book, 
Occupational Counseling Techniques. Since the many trade 
questions developed are in constant use by the various state 
employment offices, and since the publication of the npiiial 
questions used would cause them to lose much of their value, 
Stead and Shartle publish only a few sample questions 
illustrate the method by which the validity of the adim 
has been determined. This procedure is sufficiently 
tant to the general subject of test validation to w 
somewhat detailed discussion. 


impor- 
arrant a 


Validation of oral trade questions 


The general procedure in validating these questions 
consists in finding for each trade a few questions, usually 
fifteen, that can be answered correctly by a large Proportion 
of successful journeymen in that trade, but that are answered 


~ W. H. Stead, C. L. Shartle, and Associates, 


Occupational C " 
` ou J 
niques (American Book Company, 1940). nseling T 
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correctly by a definitely smaller percentage of apprentices in 
this trade, and are answered correctly by a still smaller, or 
negligible, percentage of employees in related trades. Each 
question to be retained must show a significant dropping off 
in the percentage of correct answers from the journeyman 
group to the apprentice group to the related trades group. 
When a set of questions for a given trade has been obtained 
in this manner, it is a simple matter to determine whether an 
applieant who claims to possess journeyman abilities for 
that trade actually is able to answer these questions as well 
as known tradesmen have answered them. The differenti- 
ation obtained by such a set of oral trade questions for 
asbestos workers is shown in Figure 45. The expert asbestos 
workers vary over a range of seven to fifteen correct answers; 
apprentices and helpers, of zero to twelve; and related 
workers, of zero to five. Thus, an applicant who is able to 
answer correctly only six or fewer of the fifteen questions is 
very unlikely to be an expert asbestos worker, regardless of 
what he may say or feel about his own skill. Even if he 
answers up to twelve items correctly, he is probably not 
highly profieient in his trade, because the majority of men 
known to be experts were able to answer thirteen or more of 
the questions correctly. 


Factors affecting the validity of trade questions 

The success with which such a set of trade questions will 
differentiate among applicants possessing different degrees of 
skill is dependent upon the very careful selection of questions 
comprising the test. This selection can only be made by start- 
ing with many more questions than will finally be retained 
and by eliminating every question that does not actually show 
a differentiation among the several groups tested. Likewise, 
if the test is to be used on a country-wide basis, the pre- 
liminarv validation work must be carried on in the several 
geographical areas where the test is later expected to function. 
The following question for a roofer illustrates the necessity 
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FORM I 


Expert Apprentices ; 
Asbestos Workers and Helpers prem 
(50 Subjects) (25 Subjects). 5 Subjects 


zcoocooocooooocoococ* 


OH MN fn O-0:*0 


FORM II 


Expert Apprentices . 
Asbestos Workers and Helpers Related Workers 
(50 Subjects) (25 Subjects) (25 Subjects) 


3 Median Score 
Frc. 45— Distributions of scores for expert asbestos workers, apprentice: 
helpers, and related workers on a 15-question oral trade test. 


s and 
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for considering geographieal factors in the validation of the 
question. 


Q. What type of asphalt is glued on a flat roof? 
A. Flat (F) (low melt).3! 


Experts west of the Mississippi River answered this ques- 
tion with unusual consistency, but there tended to be 
a reduction of consistent answers by experts when the 
validation took place eastward. "Therefore this question 
could not be used in a test that was intended for country- 
wide use. In general, questions that could be answered 
simply, preferably by one or two words, were found to be 
better than those called for more extensive answers. Often 
the best questions were those that could be correctly answered 
only by terms peculiar to the trade in question, even though 
such terms might not be found in a dictionary. 
TABLE 15 
TRADE QUESTIONS IN TRUE-FALsE 
FORM COVERING THE JOB OF HEATER IN A STEEL MILL 


1. The furnace checkers are always located directly below the car bottom. T F 
2. The gas flow and air flow must always come from opposite sides of the 


TRACT EET TEC cope vie cine Ket Hie D ah oaia BCS acm eis das pi wae ree T F 
3. The only way to tell if the stock gas is burning is to look at the top of 
P E O ERR hacen Re nicae mane de euet a a aleja T oW 
4. The purpose of the stock gas is to help the furnace draw........... qe 
5. In lighting a cold furnace, the rear parts are always the first ones to 
T F 


be opened 


Trade questions of this general type have been prepared 
for most of the standard trades and are in use in many state 
employment offices. The procedure followed has given such 
excellent results that a number of industries are now adopting 
this method in the formulation of questions for the use of the 
employment manager. A number of industrial plants now 
make up their own questions for their own particular jobs. 
This procedure enables the test constructor to make up a test 
that is of much greater value to the industry in question than 


31 Ibid., p. 38. 
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a test that has been constructed for more general application. 
Examples of such questions in true-false form covering the 
job of heater in a steel mill are given in Table 15. 


The Miniature or Job Sample 


The miniature or job sample method of constructing an 
achievement test consists in trying out the applicant in a test 
situation that reproduces all, or an important sampling of, 
the actual operations that the job itself requires. The 
miniature test usually consists of apparatus, but the apparatus 
is constructed to eliminate whatever hazard might be involved 
in operating a production machine. The applicant is asked to 
operate the miniature under conditions that simulate the 
operation of the real machine. Norms of performance of 
experienced and inexperienced operators are obtained in the 
test situation so that the status of an applicant can quickly 
be determined by a comparison of his score with the norms. 


A miniature punch press 

An example of this approach is the miniature punch press 
described by Tiffin and Greenly.?? This test is used in the 
selection of punch press operators. "This apparatus, which 
is illustrated in Figure 46, is a replica in all essential features 
of a small industrial punch press. It differs from a real press 
in that the punch is located in a vertical bearing and is held 
down only by a spring. This feature prevents the punch 
itself from descending when an obstacle is encountered. 
When this occurs, the punch remains stationary while a 
mechanical counter records an error or mispunch. The test 
is administered by having an applicant put through the press 
two hundred pre-punched pieces of galvanized sheet iron. 
The time required to feed these pieces is recorded by means 
of a stop watch. During the test period, the mechanical 


J. Greenly, “Experiments in the Operation of a 


3? Joseph Tiffin and R. 2 
^ lied Psychology, XXIII (1939), pp. 450-460. 


Punch Press," Journal of App 


d 
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1 
"Hi 
Fic. 46—Applicant being given the Miniature Punch Press Test. 

) A 

a. counter records the number of errors or mispunches. The 
wf" . H H 
4 test thus results in à simultaneous time and error score. 
as been studied by comparing the 


The validity of this test h 
average performance of different groups of persons to whom 
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the test had been given. The curves in Figure 47 summarize 
the results obtained for three specific groups. These curves 
show the relation between mispunches or errors in punching 
two hundred plates and the time in minutes required to 
punch the two hundred plates. As might be expected, the 
errors decrease as the time increases for all three groups of 
persons upon whom these results are based. It is interesting 


200 PLATES 


MISPUNGHES IN PUNCHING 


9 3 4 5 6 7 8 9 10 
MINUTES TO PUNGH 200 PLATES 


Fra. 47— Relation between speed and accuracy 
for three groups of subjects in operating a small 


punch press. 


to note, however, that the curve for the students and the one 
for the insulation stripping machine operators are almost 
identieal mathematieally and simply represent different 
segments of the same curve. This suggests that the students, 
though punching much more rapidly and hence making many 
more errors, are not significantly different from the insulation 
stripping machine operators in genuine ability. The employ- 
ees in this latter group, though offering no experience in the 
operation of a punch press, were industrial employees and, as 
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such, were more accustomed to the need for 
operation of any machine. 'The curve ern pee 
punch press operators, however, is markedly different 3 3 
that of either the students or insulation stripping A 
operators. For any given speed of operation the punch press 
operators were more accurate than either of the other oups 
9 d 1 : 
ces d given level of accuracy, punch press operators were 
From a knowledge of the speed and accuracy of a given 
applicant and a comparison of this information with the data 
graphed in Figure 47, it is possible to determine the status of 
the applicant in comparison with the corresponding test per- 
formance of persons who are known to be experts di this job 
The method illustrated by the miniature punch press hus 
been utilized in selecting employees for numerous other jobs 
For example, in hiring persons for such jobs as ackagium. 
and certain types of machine operation, it is often 
ul for the personnel manager to obtain a 
lity and speed of work that the applicant is 
The miniature or job replica furnishes such 
formance with a minimum of effort and 
ant while the test is being 


inspecting, 
extremely helpf 
sample of the qua 
able to perform. 
a sample of job per 
with no danger to the applic 
administered. 


The job sample in clerical work 

Another area in which the job sample method of testing 
d in very satisfactory results is the selection of 
employees for stenographie, clerical, and secretarial positions. 
One of the most widely used tests of this type is the series 
known as the Blackstone Stenographie Proficiency Tests.** 
This series includes a stenography test and a typewriting test. 
The stenography test is made up of seven parts, namely, 
knowledge of English grammar (which includes punctuation, 
capitalization, and spelling); syllabieation; office practice; 


has resulte 


33 Blackstone Stenographic Proficiency Tests (World Book Company, 1932). 
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alphabetizing; abbreviations; knowledge of business organiza- 
tion; and ability to take dictation and shorthand and to make 
the correct transcription. Separate norms are available for 
each of these seven parts so that in hiring an applicant for a 
given job it is possible to match the test results with a job 
analysis of the work to be performed. The second part of the 
Blackstone series consists of a typewriting test. This part 
requires the applicant to copy a standard page of typewritten 
material. The result may be scored separately for speed and 
accuracy and the norms available permit a rapid determina- 
tion of the exact level of proficieney possessed by an applicant. 

Another standard test used in measuring proficiency in the 
use of a typewriter is the Thurstone Examination in Typing." 
A part of this test consists of a page of corrected copy that the 
applicant is asked to type, making the indicated corrections. 
A sample of the material to be copied is shown in Figure 48. 


Yo P Business system was used in agSertaining tno amount of cir- 


culation of various publications as well as kind |. Advertisements 


Lo Care 
mere keyed, and men other means were employed to determtne what 


aa Rath, 

wes the exact value of dentetn styled of advertisements! and x Ea 
ARA ad. 

wes—the-best medium in which,te insert, them. 


Fro. 48— Part of Test I of the Thurstone ^ 


- Typing Test. The person tested is 
required to copy this material, makir 


ng the indieated corrections. 

The ability to copy corrected material of this kind, though 
frequently called for in many stenographie 
be quite different from the abil 
material requiring 


positions, seems to 
ity to make an exact copy of 
no corrections. For example, in one 
employment office a girl who had recently won a state contest 


for speed in typing was unable, when tested with the Thur- 
stone test, to obtain even an average score in typing this 
corrected copy. Apparently her ability consisted of a strictly 


5 Thurstone Employment Tests, Examination in Typing (World Book Com- 
pany, 1922). 
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mechanical and automatic method of “copying the copy.” 
While such ability might be very useful in winning state 
contests, it is of little use in a business situation because one 
is seldom asked to copy material that is perfect at the outset. 
A test of the Thurstone type, therefore, is a much better 
measure of the kind of ability called for in a business or indus- 
trial job than is a test that requires only straight copying of 
material. 

Many other standardized tests in the general field of 
clerical aptitude and achievement are available commercially. 
A list of some of those in most common use is given in Appen- 
dix C. 

Written Achievement Tests 

The Purdue Vocational Tests? comprise a series of 
paper-and-pencil tests that measure achievement in technical 
information related to various areas of trade training. These 
tests, although developed primarily for the use of vocational 
teachers in public-school systems, are being used also by 
industrial personnel men for the purpose of determining the 
qualifications of applicants for jobs connected with the 
various trades. Several standardized tests are now available 


in this series. 
1 1 36 
on in machine shop 


s of 133 questions (partly multiple choice 


and partly matching) that cover material well known to any 
qualified machinist and that should be reasonably familiar to 


any boy who has received adequate vocational instruction in 
this field. Four examples of the multiple-choice items 


follow: 


Technical informati 
This test consis 


" " tributed by Science Research Associates, 228 S. Wabash Ave., Chi- 
35 Dis ; 
cago, Ill. 

3 H, F. Owen, C. 


Information Test for ? à 
Associates, 228 S. Wabash Ave. 


G. MeComb, and C. D. Hume, Technical 


+ Stevason, H. S : 
g and Machine Operators (Science Research 
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In each of the multiple choice statements listed below there are 
four possible answers, but only one is correct. Read each state- 
ment carefully before making your choice of answers. 


By tolerance in machine work is meant (a) the allowance, as 
for the oil film of a bearing, (b) the amount of variation 
either above or below a certain basic measurement that 
will be acceptable, (c) the amount of stock left for polish- 
ing, (d) the amount of stock left for P2911): 1) viiia ( ) 

If it fits, the wrench which will probably do the least harm to 
the corners of a nut is (a) an adjustable, (b) an alligator, 


(c) an open end, (d) a socket wrench.............. TOME ) 
One of the best bearing metals contains antimony, tin, and 

Copper. This metal is called (a) bronze, (b) brass, (c) bab- 

itt, (D Tead Lis. eescett EL ree tT ) 
Standard taper sizes are designated by (a) decimals, (b) frac- 

tions, (c) sumen d 1 "M Med ( ) 


The test covers Such topies as hand tools, bench tools, bench 
work, lathe, milling machine, shaper, planer, and drill press. 
The test is arranged so that subscores may be readily obtained 
for bench operations and for the operation of the grinder, 
planer, lathe, and milling machine. On the basis of odd vs. 


even item correlations, the reliability of the various scores 
was as follows:37 


Bench OBerWHOnS ee ewe ase 87 
EUM sven esas entice e -90 
r ie eens E MNA .89 
Manis tii RM ee p pe e ses C .80 
iss cenar PAM STEERS 85 


The published norms Were obtained on the basis of a 
fifty-minute time limit, The Scoring is simple and rapid. 
Separate norms are Available for students or applicants 


offering different amounts of vocational training or practical 
experience. 


*' Joseph Tiffin, Preliminary Manual for the Purdue Test for Machinists 
and Machine Operators (Science Research Associates, 228 S. Wabash Ave., 
Chicago, Ill). 
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Blueprint reading test?’ 
This test consists of seventy-nine questions covering basic 
principles involved in reading and interpreting blueprints. 


Technical information in electricity ?? 

Another test in the Purdue Vocational Series deals with 
industrial electricity. This test is available in two forms, 
A and B, each consisting of sixty-five multiple-choice and 
matching type questions covering material of a practical 
nature in the field of electricity. Four sample questions from 


this test follow: 


In the following section of this test select the word or phrase after 

each incomplete sentence which makes the most nearly true state- 

ment. Record the number of the choice made. 

A bathroom fixture should never use a brass shell socket 
because it may (1) short circuit and blow fuses, (2) draw 
excessively high currents, (3) give one a dangerous shock, 


(4) become corroded and open circuit..............+... ©) 
Conductors of electricity are most often made of (1) iron, 
(2) brass, (3) lead, (4) eopper......... eee ( ) 


An electric bell depends for its operation upon (1) the heating 
effect of electricity, (2) the mechanical effect of electricity, 
(3) the magnetic effect of current flow, (4) the impedance 


of ‘the. circuit... ii gaewaergneneeanes acere eas 
An accidental connection between two wires of “opposite 


polarity is called (1) a short circuit, (2) a parallel circuit, 
(3) a series circuit, (4) a ground... ( ) 


This test covers such topics as common electrical circuits, 
measuring units, conductors, and common electrical devices. 
Its reliability, computed by the method of chance halves, is 


91. The time limit is fifty minutes. 


38 H. G. Owen and J. N. Arnold, Purdue Blueprint Reading Test (Science 


Research Associates, 228 S. Wabash Ave., Chicago, Ill.). 
39 C. W. Caldwell, H. R. Goppert, H. G. McComb, and W. B. Hill, Technical 


Information Test for Electricians (Science Research Associates, 228 S. Wabash 


Ave., Chicago, Ill). 
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Technical information in industrial mathematics?" 

In its construction, scoring, and administration, this test 
is similar to the tests just described. It deals primarily with 
operations of an arithmetical, or simple mathematical, tv pe 
that a tradesman in industry is likely to encounter. The test 
is available in two matched forms, A and B. A preliminary 
computation, based on a group with a rather narrow range of 
scores, gave a correlation of .82 between the two forms. A 
sample from this test reads as follows: 


This test consists of mathematical problems that are found in 
various kinds of industrial work. Each problem has FOUR sug- 
gested answers, but only ONE is correct. Write an X over the 
correct answer. 


1. The difference between 4 and 1 inch is:..... (1) (2) (3) (90 
2. If 28 man-hours are required to build 4 tables, 


AO aucaias so noripnantia seine siziaeeiig rs (1) (2) (3) (9 
(032 (2) 35 (3) 38 (4) 41 
3. If a piston has an area of 6 square inches, and 

a force of 30 pounds is required to move the 


piston, the pressure per square inch is:..... qd) (2) G) (2 
0)5 (26 (37 (48 
4. If 3a + 7 = 22, then “a” equals:.......... 0) 3 3) (0 


Another series of simplified achievement tests has been 
published under the series title Interview Aids. These 
include "Can You Read a Micrometer?” “Can You Read 
a Scale?" and “Can You Read a Working Drawing?" 

Achievement tests of this sort in the different trade areas 
enable an employment manager to obtain a thorough picture 
of the strong and weak areas of information possessed by 
applicants. Because the tests may be given to many appli- 


4 C. H. Lawshe, Jr. and Dennis H. Price, Purdue Industrial Mathematics 
Test (Division of Applied Psychology, Purdue University, Lafayette, Ind.). 

^t Distributed by Science Research Associates, 228 S. Wabash Ave., Chicago, 
Ilt, 


€ 


pes cce — dg ut 
f 
Tree 


DEXTERITY, MANIPULATIVE, AND ACHIEVEMENT TESTS 159 


cants simultaneously, they can be made much longer than 
oral trade tests and therefore are much more exhaustive than 
the latter in covering the technical field. 


Uses of Written Achievement Tests 


Selection of apprentices 

Because of the increasing availability of public-school 
vocational courses, applicants for industrial apprenticeships 
often have had a certain amount, and sometimes a substantial 
amount, of instruction in the trade area they wish to enter. 
It is important for the industrial personnel manager to know 
how much of this instruction has been retained by the appli- 
cant, because the boy who has profited most by the instruc- 
tion he has received in his chosen area is most likely to progress 
with further industrial training toward becoming a skilled 
tradesman. Although school grades and recommendations 
of former teachers furnish some indication of progress already 
made by an applicant, it is frequently desirable to supplement 
these sources of information with a well-standardized test 
covering the area in question. The necessity for using a test 
of this type is illustrated in Figures 5 and 6 reproduced in Chap- 
ter 1 on pages 10 and 11. The first illustration shows that 
among 112 applicants for the job of machine shop apprentice a 
considerable number made a score of less than 40 (number of 
items correct) and a scattered few made a score of less than 
20 on the machine shop achievement test. Although most of 
these applicants had had at least one semester of machine shop 
instruction, and many had had much more than this amount 
of training, 25 per cent of them did so poorly on the machine 
shop achievement test that they were below the lowest 10 per 
cent of students in vocational classes. It was clear, therefore, 
that among these applicants were a considerable number who 
would be very unlikely, even with prolonged training, to 
become expert machinists. The company concerned set 90 
items correct as the critical score for hiring for this job and 
was able, by this process, to select for apprenticeships boys 
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who made very rapid strides in developing the necessary skill 
to become expert machinists. 


A similar situation was found in the selection of boys for - 


apprenticeships as electricians. Here again a considerable 
number of the applicants made scores on the Test of Technical 
Information in Electricity considerably below what would be 
considered a poor score even among first semester vocational 
students of this subject. By adopting a critical score for 
employment that eliminated these unqualified applicants, 
the apprentices selected constituted a homogeneous group of 
well-qualified boys who were able to advance rapidly under the 
systematic apprentice training offered by the industry. 


Transfer of employees 


The problem of transfer is one that continually confronts 
every employment manager. Persons hired in one capacity 
often wish to be changed to a job that offers, or is believed to 
offer, greater opportunity for advancement. Every personnel 
manager is not only willing but anxious to transfer employees 
wherever possible to jobs where they will have a greater 
opportunity for development. It often happens, however, 
that an employee wishes to be transferred to a job that he 
not only cannot perform satisfactorily at the time of transfer 
but in which, because of lack of aptitude or capacity, he is 
never likely to be successful. An example in point is the case 
of tradesmen’s helpers. Quite often an employee after work- 
ing for à period of years as a tradesman’s helper feels that he 
has acquired the necessary information and skill to assume the 
responsibilities of the tradesman’s job. Often such a helper 
is able to talk quite glibly in terms common to the trade; and 
this verbal skill, together with a certain familiarity with a few 
elementary principles of the trade, may convince the employ- 
ment manager that the employee seeking transfer is now 
ready for the promotion. In such cases the use of a standard- 
ized achievement test furnishes a highly satisfactory means of 
determining whether or not the employee is really eligible for 


34 
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the transfer desired. If his score is well below that which is 
characteristic of apprentices in this trade, the employment 
manager not only is justified in refusing to make the transfer 
but, in explaining the reason for his refusal to the employee, 
he is supplied with the necessary objective information so 
that his refusal cannot be attributed to prejudice or lack of 
understanding. Not long ago one employment manager 
made the comment that the most difficult part of his job was 
in saying “no” to an applicant seeking employment or an 
employee seeking transfer. This employment man felt that 
although he was usually right in his judgment, it was very 
difficult for him to explain the reasons for his decision to the 
employee or applicant. It is interesting to note that the 
judicious use of test results solved his problem. Whenever a 
request is refused because an employee or applicant has a very 
low score on an objective test that measures his capacity for 
the job he is seeking, the person concerned is much less likely 
to feel that he has been discriminated against. 

The use of tests in connection with promotion and transfer 
supplements rather than replaces such factors as seniority, 
being ‘‘in line" for the job, and the needs of the business. 


Discovery of areas needing training 

Many industries are devoting more and more time to the 
svstematie training of both new and old employees. The 
need for such training is a natural result of the continuous 
technological changes occurring in modern industry. No 
matter how well qualified an employee may be today, tech- 
nological change in methods or processes may require that he 
be completely retrained tomorrow. The systematie use of 
technical information tests among present employees furnishes 
a convenient means of determining those areas in which train- 
ing is needed. An example of this use of information tests is 
shown in Table 16. This table consists of a set of matching 
items to determine whether the employees are familiar with 
the color code used in the plant in which they work. Several 
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other important areas were covered in the test. The content 
of the training program that followed the administration of 
this test was based largely upon the results obtained. 

TABLE 16 


Parr or AN ACHIEVEMENT Test (COVERING INFORMATION Tuar Snovi BE 
KNOWN TO EMPLOYEES SEEKING TRANSFER OR PROMOTION 


Instructions: On the right is a list of colors. On the left is a list of the 
materials carried in pipes in this mill. You are to show how well you know the 
color code by matching each color with the figure or figures which you find 
before the appropriate materials. Mark your choice in the parentheses at the 
extreme right. The first one is correctly marked to show you how it should be 
done. There will be some colors unused. Some others will be used twice. 


Materials Colors 
1. Stabilized Gas . Aluminum (BH 2 
2: A . Black ( X ) 
3. é Brown ( KK ) 
4. Cold Water ..Bright Red ( Y ) 
5. Coke Oven G .Ceiling Blue ( X ) 
6. .. Dark Purple C X 3 
7. .. Dark Red ( X 2 
8. aiak an a mem dex veut EON A EE 
8. Püel Oll. 222522 029 n mm ene Green tX 2 
10. Sulphuric Acid. s es m o sos ma Blue ( X 2) 
11. Farval Grease..... sx anos e ERE ( Xx | 
12, Bowser Olla as « een onm srt eh 2 Olive Green CX 2 
13. Gasoline.......... s nas 2953 UIDES ( X ) 
14. Kemp Lines. .Lavender ( (C 2 
15. Water Fire Lin vid os ven sas e WHIG (X 29 
TGs DOIMI o asa pci Pu cone a ai, .. Yellow 6X J 


17. Hydraule Lines as c as vez aes 


Measurement of vocational achievement 


Every vocational teacher expects to place his students in 
industrial jobs. The success of these students in such jobs. 
however, depends largely upon the adequacy of training they 
have received while students. Teachers in the field of general 
education have long made use of standardized achievement 
tests to determine student achievement in the several school 
subjects and to compare the achievement of students in 
various school systems, under different types of instruction, 
and in different geographical localities. Administrators and 
teachers of vocational subjects are now beginning to make 
similar use of objective achievement tests, and there is every 
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reason to believe that the judicious use of such tests in this 

area will be fully as valuable as in the field of general educa- 
tion. The tests of machine shop, electricity, and industrial 
mathematics discussed in the preceding section are ideally 
suited for this purpose, and achievement tests in other voca- 
tional areas are now in the process of construction. Since 
vocational demands differ from one industry to another and 
from one industrial center to another, it is often wise to build 
tests that are “tailor made" for the particular situation. 
Such tests, when constructed through the joint efforts of 
vocational teachers, school administrators, vocational co-ordi- 
nators, and representatives of the industries concerned, 
furnish an ideal means of facilitating the co-ordination 
between industries and schools that every community desires 


to encourage. 


6 


Tests of Personality and Interest 


EMPLOYMENT managers universally recognize the impor- 
tance of personality traits in employees whom they hire. 
Indeed, one of their reasons for sometimes being hesitant in 
adopting psychological tests is that they often think of tests 
only in terms of intelligence or dexterity, and these tests do 
not, of course, take into account the more general personality 
traits of the applicant. An applicant might be very high in 
mental ability or in manipulative dexterity and yet have a 
personality that would not only make him unfitted for the 
job for whieh he is applying but would also make him a 
definitely undesirable individual to employ in any capacity. 

The foregoing sections, which have dealt with aptitude and 
achievement tests without regard to the applicant's general 
personality, do not imply that the more general personality 
traits are unimportant. Psychologists are the first to recog- 
nize the importance of personality traits in helping an 
employee adapt himself to any job or to any organization. 
Psychological tests have emphasized tests of specific aptitude 
because psychologists recognize the importance of job 
aptitude, as such, aside from personality characteristics, and 
because, up to the present time, it has proved possible to 
develop adequate tests of such aptitudes as finger dexterity 
or intelligence to a greater extent than it has been possible to 
develop adequate tests in the complicated field of personality. 

Within recent years, however, both employment managers 

and consulting psychologists have increasingly demanded 
some reasonably satisfactory and accurate method of deter- 
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mining certain personality traits of an applicant at the time 
he applies for employment. It is now recognized not only 
that an applicant who does not have the aptitude to learn the 
job will fail, no matter how desirable his personality traits 
may be, but also that if he does have the aptitude for the job 
he will probably still fail if his other personality character- 
istics make it difficult for him to fit into the organization and 
to work cooperatively with other persons. Although this 
conclusion is sound common sense, we do not need to rely 
entirely upon subjective judgment to reach it. Such investi- 
gations as those of Hunt! and Brewer,? which have been 
carried on with thousands of employees in a variety of 
industries, show that personality factors, rather than lack of 
ability on the job, are responsible for a large number of layoffs 
and failures to be promoted. These studies deal with layoffs 
due to factors other than failure to produce. The rising voice 
of labor in determining managerial policies, particularly with 
respect to hiring and firing, and the growing importance of 
seniority as a determining factor in layoff, have made, it 
increasingly important to determine, at the time of hiring, 
whether an applicant has any incipient personality maladjust- 
ments that might prevent him from fitting properly into the 


organization. It is with the hope of developing some sort 


- of test or tests to accomplish this purpose that a number of 


psychologists have developed scales for the measurement of 
personality or temperament traits. 


Tests of Personality 


Probably the first attempt to develop a scale of this type 
was made by Downey? and resulted in the Downey Will- 
Temperament Scale. This test was based on a number of 


1 H. C. Hunt, “Why People Lose Their Jobs or Aren't Promoted," Personnel 


l, XIV (1935-1936), p. 227. 
€ M. Wee “Religion and Vocational Success,” Religious Education, 


UX 930), pp. 29-41. = 
aa cx doses “The Will-Temperament and Its Testing" (World Book 


Company, New York, 1923). 
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assumptions that were later found to be untenable, and for 
that reason the scale was never very widely used. It is 
noteworthy, however, in that it served the purpose of directing 
the attention of psychologists to the need for a measuring 
instrument in this area. Some time later the Thurstone 
Personality Schedule* was published. This scale gives a 
single gross score indicating the presence or absence of neurotic 
tendencies. With this scale, Thurstone was able to show that 
neurotic tendencies are relatively independent of mental 
ability, but are related to accomplishment in certain areas, 
particularly college and university work. An abbreviated 
form of Thurstone’s scale has been published by Willoughby.’ 
Following the early work in the field of personality testing, a 
number of comprehensive scales for the measurement of 
various aspects of personality have been developed. 


The Bernreuter Personality Schedule® 


This is one of the most widely used personality tests. 
It consists of 125 questions dealing with a wide variety of 
topics that indicate personality traits and characteristics. 
The scale may be scored with each of six different scoring 
keys, each of which measures a different personality compo- 
nent. The components measured, with the codes used in 
referring to them, are: 


B1-N. A measure of neurotic tendency. Persons scoring high 
on this scale tend to be emotionally unstable. Those scoring above 
the 98 percentile would probably benefit from psychiatric or 
medical advice. Those scoring low tend to be very well balanced 
emotionally. 

B2-S. A measure of self-sufficiency. Persons scoring high on 
this scale prefer to be alone, rarely ask for sympathy or eden 


^ L. L. Thurstone and T. G. Thurstone, Personalit: 
Chicago Press, 1929). 

5R. R. Willoughby, Thurstone Personalit dcc 
(Worcester, Mass., 1932). ity Schedule, Clark Revision 

5 R. G. Bernreuter, The Personality Inventory 
versity Press, 1935). 


y Schedule (University of 


and Manual (Stanford Uni- 
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ment, and tend to ignore the advice of others. Those scoring low 
dislike solitude and often seek advice and encouragement. 
| B3-l. A measure of introversion-extroversion. Persons scoring 
high on this scale tend to be introverted; that is, they are imagina- 
tive and tend to live within themselves. Scores above the 98 per- 
centile bear the same significance as do similar scores on the B1-N 
scale. Those scoring low are extroverted; that is, they rarely 
worry, seldom suffer emotional upsets, and rarely substitute day- 
. dreaming for action. ` 
B4-D. A measure of dominance-submission. Persons scoring 
high on this scale tend to dominate others in face-to-face situations. 
Those scoring low tend to be submissive. 
F1-C. A measure of confidence in oneself. Persons scoring 
l high on this scale tend to be hamperingly self-conscious and to have 
" feelings of inferiority; those scoring above the 98 percentile would 
probably benefit from psychiatrie or medical advice. "Those scoring 
| low tend to be wholesomely self-confident and to be very well 


adjusted to their environment. 
| F92-S. A measure of sociability. Persons scoring high on this 


scale tend to be non-social, solitary, or independent. Those scoring 
low tend to be sociable and gregarious. 


Scoring keys for the first four of the components (indieated 
by code B) were developed by Bernreuter’ in his original work 
with the scale. The last two (indicated by code F) were 
derived from a factor analysis of the Bernreuter scale reported 
by Flanagan.* 

Because of the long time required to score the Bernreuter 

test with the original scoring keys, à simplified scoring system 
has been developed and reported by McClelland.’ The 
simplified scoring system proposed gives scores that, for 
components B1-N, B4-D, F 1-C, and F2-S, correlate above 
.95 with scores obtained by the original scoring method. For 


component B2-8 the correlation is .84. A simplified scoring 


“The Theory and Construction of the Personality 
Social Psychology, IV (1933), pp. 387—405. 
Analysis in the Study of Personality (Stanford Uni- 


IR. G. Bernreuter, 
^ Inventory," Journal of 
s J, C. Flanagan, Factor 4 


d versity Press, 1935). i 
1 2D, C. McClelland, “Simplified Scoring of the Bernreuter Personality 
plied Psychology, XXVIII (1944), pp. 414-419. 


Inventory," Journal of Ap 
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for component B3-I was not developed because the latter 
correlates so highly with B1-N.! . . 

Several investigations conducted in business and industrial 
situations have been reported that show the effectiveness of 
the Bernreuter Personality Schedule. Richardson and Hana- 
walt!' found that the Bernreuter scales differentiate between 
"^ office holders" (men who have had at least two presidencies 
or important chairmanships since the age of twenty-one in 
business, professional, civic, religious, fraternal, or social 
organizations) and men who have not held such offices. 

The “office holders” made scores which showed them to be 
significantly more dominant, more self-confident, less neurotic, 
and less introverted than those who had held no office. 
In this same study, Richardson and Hanawalt reported 
significant differences between the Bernreuter scores of 
supervisors (men who had fifteen or more persons under their 
direction or supervision) and those of a 
supervisory group. The Supervisors made scores showing 
them to be less neurotic, less introverted, more dominant, 
and more self-confident than the non-supervisory group. 


contrasting non- 


The Humm-Wadsworth Temperament Scale? 


This scale has been developed by two men whose w 
has been primarily in the field of industrial personnel. The 
scale consists of 318 questions which the person tested answers 
by checking yes or no. From the answers to these questions 
it is possible, by differential Scoring, to obtain Separate scores 


for seven aspects of temperament. These aspects are as 
follows: 1 


ork 


uR. G Bernreuter, ersonality Inventory, (Stanford Uni- 
versity Press, 1935). 

1 H. M. Richardson and N. G. Hanaw: 
Bernreuter Personality Measures: III. Lea 


tional and Social Activities,” Journal of 
Pp. 308-317. 


Manual for the P. 


alt, “Leadership as Related to the 
dership Among Adult Men in Voca- 
Applied Psychology, XXVIII (1944), 


? D. G. Humm and G. W. Wadsworth, The Humm- 
ment Scale, Test Booklet and Manual, second 1940 r 


Wadsworth Tempera- 
Humm Personnel Service, Los Angeles, California). 


evision (Doncaster G. 
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1. The Normal Component. This is primarily a control mecha- 
nism providing rational balance and temperamental equilibrium. It 
underlies the conservatism, toleration, and conformity to socially 
acceptable behavior observed in the well-adjusted person. E 

2. The Hysteroid Component. An individual with an excess of 
the hysteroid component possesses a character defect with ethically 
inferior motivation manifested by stealing, lying, cheating, and 
similar antisocial behavior. 

3. The Manic Cycloid Component. This is characterized by emo- 
tionality, fluctuation in activities, and interferences with voluntary 
attention, some degree of elation, pressure of activity, and distract- 
ibility together with such manifestations of excitement as jests, 
pranks, enthusiasms, impatience, and so forth. 

4. The Depressive Cycloid Component.  Thisis manifested by some 
degree of sadness, lessened activity, and associated characteristics 
such as worry, timidity, and feeling of malaise. 

5. The Autistic Schizoid Component. This is characterized by 
heightened imagination, leading to a tendency toward a daydream 
life concerning which the subject is sensitive. 

6. The Paranoid Schizoid Component. This includes stubborn 
adherence to fixed ideas, suspicion, and contempt for the opinion of 
others, with behavior fitting these traits. 

7. The Epileptoid Component. This is characterized by inspira- 
tions to achievement that are metieulously developed and pushed 


through to completion. 


Everyone who studies the above list of components with 
‘their brief descriptions will recognize certain persons of his 
from long observation, are clearly known 


acquaintance who, 
or another or of some 


to possess an excessive amount of one 
combination of these characteristics. One does not need the 
Humm-Wadsworth Scale, or perhaps even training in psy- 
chology, to identify the Hysteroid or the Cycloid if he is 
constantly thrown into contact with an individual of this 
type. Indeed, one thrown into contact with such a person is 
more likely to recognize that something is wrong than is the 
afflicted individual himself. ‘The mentally ill or “near ill” 
often feel that they are quite normal but that everybody else 
It is, however, one thing to recognize the presence 


is wrong. d. : 
characteristics in a person with whom one 


of such personality 
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is thrown into constant contact, and it is quite another thing 
to recognize them in an applicant whom one is interviewing 
for the first time. It is claimed that the Humm-Wadsworth 
Temperament Scale will accomplish this result. 

It is, however, expecting a good deal of any scale of this 
type to identify such personality traits in persons who are 
“after” jobs and who can therefore be expected to answer 
the questions in whatever way they feel the questions should 
be answered in order to be sure they get the jobs. We have 
already mentioned that the questions are of a type that can be 
answered either yes or no, and that an applicant for a job may 
not be too honest if he feels that honest answers will decrease 
the chances of his being employed. The extent to which the 
TABLE 17 


Meran Scores on Huww-WapsworrH TEMPERAMENT SCALE OBTAINED IN A 
CLINICAL AND AN EMPLOYMENT Sirvuation BY 65 CoLLEGE STUDENTS* 


C Clinical Employment Shift from Clinical 
ponent Mean Mean to Employment 

P oer ae E A 981 1023 +42 

ysteroid. a -.. 1023 980 — 63 

Pe oy 1035 937 —98 
[ro -.. 1061 913 —148 
Pisano tet +. 1024 938 —86 
“aranoid. . , ... 970 955 —15 

Epileptoid.,..,, 7777 ies. O8 1002 +19 


* 
dae UT Were computed by the log method, with correction for no-count, as 
3 n the second 1940 revision of the manual of directions. 
. 


Scores on the seven components may shift when a person is 
changed from a frank or clinical situation to a job-application 
situation is revealed in a study conducted with 65 college 
student was given the scale twice: first, 
o be as frank as possible, and second, to 
tud & as in an employment office after a job and 
ac been asked to take the test as a part of the employment 
procedure. Table 17 shows the mean Scores for the seven 
components obtained under these two conditions. 


assume that he w 


© This study w. u—À 
Tiken “ey was conducted by W. J. Giese and F. C. Christy at Purdue 
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It is apparent from Table 17 that the employment situa- 
tion, when compared with the clinical, shows a higher average 
value for the normal component and lower values for all 
except the epileptoid of the remaining six components. In 
other words, the students were able, by assuming an attitude 
of “applying for a job," to change their test profiles toward 
more of the normal and less of the undesirable traits. All 
differences shown in Table 17 are significant from a statistical 
viewpoint, and only those scores were used in the computation 
that fell within the no-count limits, for both the clinical and 
employment situations, within which the manual of instruc- 
tions states that the scale should be “‘accepted as probably 
valid." 

Even with the shift in means from one situation to the 
other, it would still be pussible to infer one's score in one 
situation from a knowledge of his score in the other situation 
if scores in the two situations were highly correlated. The 
correlations were computed and are shown in Table 18. 

TABLE 18 
CLINICAL AND EMPLOYMENT SITUATIONS ON THE 


CORRELATIONS BETWEEN 
EMPERAMENT SCALE FoR 65 COLLEGE STUDENTS 


HuuM-WapswonTH T 


Component T Correlation 
% “Normal”... se soes os eei eee $ —4208 
Hysteroid....... ss 4.42 
Manit. seias n nn +.09 
Depressive..... —.10 
Autistic. o. ace tonne ee ki DR rana He T.H 
3 Paranoid... T.6r 
+.23 


E piled p oe om ne cece sa ned HHA HE mnn nen 
4 


The only correlation in Table *18 that is large enough to 
be significant is the one for the Paranoid Component. 

We are thusforced to conclude that the Humm-Wadsworth 
Temperament Seale will not give a completely invariable 
picture of a person under any and all conditions of testing 
or point of view of the applicant. This criticism should not, 
of course, be made specifically of the Humm-Wadsworth test, 
but of personality tests in general., It is probably true that 
any test which allows the subject to answer according to his 
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judgment or feelings is open to the same possibility of falsifi- 
cation. This fact further emphasizes the importance of 
"testing the test,” as described in Chapter 3, before attempt- 
ing to make practical use of it in any specific situation. 


The Guilford Series of Personality Tests 


Guilford and his collaborators! have conducted an exten- 
sive series of statistical investigations that have identified a 
number of personality factors. These investigators have also 
devised scales to measure several of these factors identified. 
The Guilford series of three personality scales follows: 


An Inventory of Factors S T D C R'5 


This scale measures the factors: 


S—Social introversion-extraversion.—Shyness, seclusiveness, tend- 
ency to withdraw from social contacts, versus sociability, tendency 
to seek social contacts and to enjoy the company of others. 

T—Thinking introversion-extraversion.—A n inclination to medita- 
tive or reflective thinking, philosophizing, analysis of one's self and 
others, versus an extravertive orientation of thinking. 

epression.—Habitually gloomy, pessimistic mood, with feel- 
ings of guilt and unworthiness, versus cheerfulness and optimism. 

C—Cycloid disposition.—Strong emotional fluctuations, tenden- 
cies toward flightiness and emotional instability, versus uniformity 
and stability of moods, evenness of disposition. 

R—Rhathymia.—A happy-go-lucky, carefree disposition, liveli- 
hess, impulsiveness, versus an inhibited, over-controlled, conscien- 
tious, serious-minded disposition. 


Guilford-Martin Inventory of Factors G A M | N15 


This scale measures the factors: 


G—General pressure for overt activity. 


aJe P; and R. B. Guilford, “Personality Factors S, E, and M, and their 
Measurement,” Journal of Psychology, II (1936), pp. 107-127; “Personality 
Factors D, R, T, and A,” Journal of Abnormal and Social Psychology, XXXIV 
(1939), pp. 21-36; a 


nd “Personality Fact ” dbi 
(1039)! n 239-26. tsonality Factors N and GD, ibid, XXXIV 
S i et by Sheridan Supply Co., Beverly Hills, Calif. 
id, 


—— 
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A—Ascendancy in social situations as opposed to submissive- 
ness; leadership qualities. 
M-—Maseulinity of attitudes and interests as opposed to 


femininity. 
| —Lack of inferiority feelings; self-confidence. 
N —Lack of nervous tenseness and irritability. 
The Guilford-Martin Personnel Inventory '* 
This scale measures the factors: 


O—Objectivity (as opposed to personal reference or a tendency 


to take things personally) 
Ag—Agreeableness (as opposed to belligerence or a dominating 


disposition and an overreadiness to fight over trifles) 
Co—Cooperativeness (as opposed to faultfinding or overcritical- 


ness of people and things) 

The three components of this inventory all measure certain 
aspects of the paranoid trait of temperament. Since an 
excessive amount of this trait has long been considered to 
underlie many of the difficulties encountered by some people 
in situations requiring contact with others, this scale would 
seem to have ideal possibilities for use in industrial situations. 
An indication of its validity in an industrial situation is given 
by the results obtained in a Southern California industry.!* 

The test was given to 51 employees, among whom were 
22 who were regarded by management as trouble makers or 
maleontents. On the basis of test scores, and without 
knowledge of the ratings, the employees were divided into a 
satisfactory and an unsatisfactory group. Since 22 of the 
original 51, or 43 per cent, had been rated as troublemakers, 
it would be expected on a chance basis that amy testing 
technique would identify unsatisfactory employees in 43 per 
cent of the trials. However, only 34 per cent of the high 
scoring group had received unsatisfactory ratings, as con- 
trasted with the 73 per cent of the low scoring group who had 


17 [bit 
m Martin Personnel Inventory, Manual of Directions and 


18 The Guilford- i ; 
Norms (Sheridan Supply Co., Beverly Hills, Calif.). 
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received them. This discrepancy indicates that the identi- 
fication of problem employees can be achieved by this scale 
with considerably greater accuracy than could be expected 
of identification on a chance basis. 


The Minnesota Multiphasic Personality Inventory!* 


This inventory consists of 550 statements that the person 
being tested sorts into three piles—those he regards as true 
those he regards as false, and those on which he cannot make 
a true or false judgment. After the cards have been sorted 
the scoring procedure yields eight different personality aie 
ponent scores, viz: 


1. Hypochondriasis Scale. Measures undue worry a ] 
health. Y about: one's 
2. Depression Scale. Measures feeling of unworthiness usel 
ness, and undue worry. css 

3. Hysteria Scale. Measures the degree to which subj 
patients who have general systemic complaints and/ 
complaints such as paralyses, contractures, and gastric, 
and/or cardiac symptoms. 

4. Psychopathic Deviate Scale. Measures similarit; 
patients whose main difficulty lies in their absence of 
response, inability to profit from experience, and dis 
moves. 

5. Interest Scale. Measures tendency 
feminity of one’s interest pattern. 

6. Paranoia Scale. Measures stubborn adherence to 
suspicion, and contempt for the opinion of others. 


ect is like 
or specific 
intestina], 


y of subject to 
deep emotional 
regard of social 


toward masculinity or 


fixed ideas, 


19 This test and the accompanying manual are distributed 
of Minnesota Press, Minneapolis, Minn. The research on w 
based is reported in the following articles: 

S. R. Hathaway and J. C. McKinley, “A Multiphasie Per, " 
(Minnesota): I. Construction of the Schedule," Journal Face me 
(1940), pp. 249-254; *II. A Differential Study of Hypochondriasis "^. ogy, X 
(1940), pp. 255-268; “III. The Measurement of Symptomatic De S id., x 
ibid, XIV (1942), pp. 73-84; “IV. Psychasthenia,” Journal of 41ers 
chology, XXVI (1942), pp. 614-624. pplied Psy- 

J. C. McKinley and S. R. Hathaway, “The Minnesota : » 
sonality Inventory: V. Hysteria, Hypomania, and Parton ae Per- 
ibid., XXVIII (1944), pp. 153-184. eviate, 


by the Universit; 
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hich the scales are 
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7. Psychasthenia Scale. Measures similarity of the subject to 
psychiatrie patients who are troubled with phobias (unreasonable 
fears) or compulsions. 

8. Schizophrenia Scale. Measures similarity of subject to psychi- 
atric patients who are characterized by bizarre and unusual thoughts 
and behavior. 


In addition to the eight personality components measured, 
the Minnesota Multiphasie Personality Inventory also pro- 
vides for certain checks on the accuracy and honesty of the 
subject’s responses. A further expansion of the scoring 
possibilities of the scale has been developed by Drake? in the 
form of a key to obtain scores on social introversion-extrover- 
sion. Simplified scoring of the scale for group administration, 
to be used when electric, punched-card tabulating equipment 
is available, has been described by Burton and Bright.” 

An indication of the validity of the Minnesota Inventory 
comes from the work of Schmidt,? who reports that the 
Inventory “distinguished . . . much statistical significance 
between normal soldiers and those diagnosed as constitutional 
psychopaths; mild or severe neurosis; and psychosis.” 


Cautions in the use of personality tests 


There is a great temptation to use one or more of the 
personality tests without taking necessary precautions in 
their interpretation. The most common type of mistake is 
to reason as follows: 


1. One personality component measured by a given test is called 
neurotic tendency. This test must measure neurotic tendency because 
that title is used by the authors of the test. (The reader may substi- 
tute any presumably undesirable personality trait he wishes for the 


2L, E. Drake, “A Social I. E. Scale for the Minnesota Personality Inven- 
tory,” Journal of Applied Psychology, XXX (1946), pp. 51-54. 

21 A, Burton and C. J. Bright, " Minnesota Multiphasic Personality Inven- 
tory for Group Administration," Journal of Consulting Psychology, X. (1946), 

. 99-103. 
pp 22 H, O. Schmidt, “Test Profiles as a Diagnostic Aid: The Minnesota Multi- 
phasic Inventory,” Journal of Applied Psychology, XXIX (1945), pp. 115-131. 
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phrase neurotic tendency. The result of the “reasoning” will be the 
same.) i 

2. We do not want in our plant people who have a high degree of 
neurotic tendency. 

3. Therefore we do not want in our plant anyone who scores 
beyond a certain point on this test. 


Anyone familiar with the statistical procedures that 
should be followed in developing and standardizing any test 
for use in a given situation will recognize a fallacy in every one 
of the three steps given above. First, a test does not neces- 
sarily measure a given trait merely because the name of that 
trait is used in the title or description of the test. Second, 
one cannot assume that persons with any given trait, as 
revealed by a test score on a test, are by virtue of that fact alone 
necessarily undesirable employees. It follows that the third 
statement, based upon the accepted truth of the first and 
second, is hardly justified without more specific evidence on 
the applicability of the test to the situation in question. 

The validity of a personality test must be determined 
exactly as the validity of any other test must be determined 
namely, by the methods of “testing the test” described i 

Chapter 3. Unless the test is proved to measure somet 
that is important for job success, it should not be 
regardless of what it is supposed to measure, and rega; 
of the words or phrases used in its title or description. 

Entirely aside from the use of personality scales as a device 
for selecting employees, the possibility exists of using them 
as a means of helping present employees overcome possible 
weaknesses that may exist in their temperaments. A number 
of industrial men have reported the successful use of person- 
ality scales for this purpose. The procedure consists in 
having the test taken by those employees or Supervisors who 
are having some sort of trouble in adjusting their personalities 
to the demands of the situation. Very often it is possible to 
awaken among employees an interest in self-improvement 
that will inspire them to take the personality 


hing 
used, 
rdless 


test as an experi- 
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mental venture. Under such circumstances, they often give 
rather frank and honest answers tc the questions. The 
resultant profiles bring into sharp relief any personality 
deviations that may be present. With the profile before him, 
a skillful counselor can often bring the person tested to realize 
that the picture presented by the test is fairly accurate. 
When this much has been accomplished; when the employee 
has been given an insight into his weaknesses as well as his 
strengths, he is much more able to do something about him- 
self than if he goes about from day to day without realizing 
that certain aspects of his behavior may be ‘‘rubbing people 
the wrong way." % 

For such a purpose, it is not necessary that the test give a 
completely accurate representation of an individual’s person- 
ality. If it brings into relief even partially those aspects of 
his personality which most need attention, and if a skillful 
counselor can bring about an insight into this condition with- 
out upsetting the employee’s general emotional balance, a 
very real step in the direction of self-improvement has been 
made. Many industries have found personality tests to be 
a real help in connection with such counseling procedures 
within their plant. 


The Measurement of Interest 


Everyone realizes that an individual’s interests direct his 
activities. The student who is interested in engineering will 
study long hours, apply himself with diligence, and achieve a 
mastery of engineering subjects that is limited only by his 
capacity to master those subjects. A student who lacks this 
interest, even though he may have the same or even greater 
capacity, will find excuses for not studying his calculus, will 
go to the movies or to a dance when he should be writing up 
laboratory reports, and will in other ways avoid those hours 
of prolonged study without which successful accomplishment 
cannot be attained. 

Vocational Guidance counselors have long recognized that 
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it is just as important to be sure a boy is studying for a voca- 
tion in which he has a real and driving interest as to be sure 
that he has the capacity to achieve success in that field. 
Without an interest, no amount of capacity will be sufficient ; 
just as without the capacity, no amount of interest will be 
sufficient. 

Up to the present time, very little has been done in the 
industrial placement of employees by way of ascertaining their 
interests and placing them upon jobs for which they not only 
have the necessary capacity but in which they also ate 
definitely interested. 

The accurate measurement of the true interests of persons 
applying for jobs is subject to the same difficulties as the 
measurement of their personalities. If one is very anxious to 
obtain a certain job (for monetary or other considerations) 
it is not likely that he will reveal his true interest jf that 
interest happens to be in some direction that is not related to 
the job. The industrial application of interest-measurin g 
techniques is therefore limited largely to situations in which 
the person tested is not to be selected or rejected for employ- 
ment as a result of the test, but rather is to be hired anyway 
and will be placed or later transferred in accordance with = 
basic interests. Several interest tests have been develo zi 
and published. pec 


Strong Vocational Interest Blank?’ 


This test has been developed primarily for use in — 
tional guidance counseling. It determines Whether th 
subject’s pattern of interests agrees with the interest Satter 
of men in each of a large number of professions and occu - 
tions. Other things being equal, a person choosing a pa 
fession or occupation is more likely to be happy and rd n 0- 
if his basic interests are similar to the interests of me: E 
in this particular field. n actually 


?5 E. K. Strong, Jr., “Vocational Interest Test,” Bites 
(1927), pp. 107-121. This test is distributed by the St, 
Stanford, Calif. anford 


onal Record, VITI 
University Press, 
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Different forms of this test and different scoring keys are 
available, so that it may be used with men or women, with 
students or adults. 

The Strong Vocational Interest Blank measures as many 
patterns of interest as vocational patterns for which it is 
scored. This procedure is advisable in vocational guidance 
work, and the test is admirably suited for that purpose. 
Recent work, however, has indicated that interests may be 
grouped into patterns, the number of which are considerably 
smaller than the possible number of vocations from which a 
choice must be made. Thurstone* reports a multiple factor 
study of vocational interests that shows by an analysis of 
Strong Blank results that interests may be basically divided 
into four general fields: science, language, people, and busi- 
ness. It would seem to be important for the personnel 
manager to consider these interests as well as abilities, par- 
ticularly in the case of college graduates or others who are 
expected to show considerable development over a period of 
years. Itis probably unwise to place in the scientific develop- 
ment department young college men whose basic interests are 
in people and business; and it would seem to be equally unwise 
to put into the sales department those whose basie interests 
are scientific. Fortunately, it is often possible to obtain a 
fairly accurate picture of an applicant's or employee's interests 
by means of an interview in which a number of questions are 
asked about such topics as present and past activities, hobbies, 
and how vacations are spent. 


Kuder Preference Record”? 


This is an interest test that is scored in terms of basic 
interest groups, as described above, rather than in terms of 


2L, L. Thurstone, “A Multiple Factor Study of Vocational Interests," Per- 
sonnel Journal, X. (1931), pp. 198-205. 

25 G, F. Kuder, “The Stability of Preference Items," Journal of Social 
Psychology, XIX. (1939), pp. 47-50. This test is distributed by Science 
Research Associates, 228 South Wabash Ave., Chicago, Ill. 
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interest patterns of various specific vocations. The interest 
groups covered by the Kuder Preference Record are: 


Mechanical 
Computational 
Scientific 
Persuasive 
Artistic 
Literary 
Musical 

Social Service 
Clerical 


Separate scores are readily obtained for each of the listed 
interest groups. This type of scoring makes the test partic- 
ularly easy to try out on a “test the test” basis (see page 52) 
because only the nine basic scores will be considered, and these 
yield an over-all pattern of interests. The manual with this 
test, however, provides interpretive data for eval 
various interest patterns in terms of their agreemen: 
those of men in various occupations. 


uating 
t with 


Cardall Primary Business Interests Test?^ 


This test is designed to measure an individ 
ences for the specific job activities that characteri 
business jobs. These immediate and Specific 
point to the initial job, determine the individual's 
boredom in his first activities, and often deter: 
considerable extent his progress in his work. 
business fields in which this blank measures int 
accounting, collecting and adjusting, sales office 
store work, and stenographer-filing. 

Several investigations have indicated 
questionnaires, when used in this manner 


ual’s prefer. 
ze beginning 
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interest or 
mine to a 
The five 
erest are: 
work, sales 


that the interest 
» are of value in 


26 A, J. Cardall, “A Test for Primary Business Inte 
tional Oceupational Classification," Educational and. Pac ied on a Func- 
II (1942), pp. 113-138. This test is distributed by Science Re easurements, 
228 S. Wabash Ave., Chicago, Ill. Search Associates, 


E 2 Oe —— — —— 


TESTS OF PERSONALITY AND INTEREST 181 


industry. Shartle? made a study of two groups of foremen, 
one consisting of highly successful supervisors and the other 
made up of foremen approximately equal in job skill but less 
able than the first group in handling the personal aspects of 
their supervisory jobs. In Shartle's investigation the Strong 
Vocational Interest .Blank?? was given to all the supervisors, 
and this was followed by a detailed clinical interview. The 
results showed that the less successful foremen were character- 
ized by more interest in withdrawing from others, by more 
indifference to the actions of others, and by more antagonistic 
reactions toward others. The study suggests that interest in 
dealing with others is one of the prime requisites of the suc- 
cessful supervisor. Laycock and Hutcheon? have reported a 
study in which a battery of tests containing, among other 
things, a measure of interest in physical science gave a cor- 
relation of .66 with success in engineering courses. 

While it is not always possible for an employment manager 
to place employees according to their interests, it is perhaps 
possible for him to do so more frequently than is often realized. 
In the shifting and transfer that continually occur in any 
large business or industrial plant, it is good business as well as 
good industrial relations to consider whenever possible the 
basic interests and desires of employees who are being shifted. 
Adequate consideration of these interests goes deeper than 
basing transfers upon mere statements of preference. It is 
entirely possible that in many cases the employee himself 
does not know what type of work he would be most interested 
in because he is not sufficiently familiar with various types of 
work. Interest tests measure an individual's basie interests 
by sampling a number of activities that represent different 
kinds of jobs. Such a test gives a reasonably accurate 


27 C, L. Shartle, “A Clinical Approach to Foremanship," Personnel Journal, 
XIII (1934), pp. 135-139. 

28 Strong, op. cit. 

29 S, R, Laycock and N. B. Hutcheon, “A Preliminary Investigation into the 
Problem of Measuring Engineering Aptitude," Journal of Educational Psychol- 
ogy, XXV (1939), pp. 280-289. 
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indication of the individual's basie interest in various jobs 
even though he is not familiar with the details of the job in 
question. 

Much remains to be done in the fields of personality and 
interest tests. A serious obstacle in both these fields is the 
employee who does not want to be measured, or who wants to 
be falsely measured, and who may not, therefore, give useful 
test results. Certainly this difficulty is a much greater 
obstacle to personality and interest measurement than to the 
measurement of intelligence, dexterity, or trade achievement. 
An employee whose mental ability is such that he is able to 
answer correctly only ten problem questions out of fifty asked 
is utterly unable to answer twenty or thirty of the questions 
in order to give the false impression that he has more mental 
ability than he really has. The test itself sets the limit of his 
performance; and while he may have more ability than is 
shown on the test (because of being ill or otherwise indisposed 
when the test was taken), we can safely assume that he does 
not have less ability. But in the measurement of both 
personality and interest it is necessary to be sure, before the 
test is administered, that the employee himself has been 
convinced that sincerity and truthfulness in answ 
questions will operate to his own eventual advantag 
ing the employment manager place him where h 
likely to achieve success. Unless the situation is 
the employee can be so convinced, it is seldom wis 
too much confidence in the results of the perso 
interest tests that are now available. 
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7 
Visual Skills and Vision Tests 


PRACTICALLY every industrial job requires some degree of 
vision, and many jobs require a high degree of skill in some 
particular visual function. The inspector of small parts for 
“appearance” must have keen vision at close distances. The 
operator of certain knitting and other textile machines must 
not only have keen vision at close distances but also must be 
able to maintain such vision for long periods of time with only 
occasional interruption. The truck driver, crane operator, 
and signal man must have keen vision for greater distances 
and good perception of space relationships. Color discrimi- 
nation is of importance to an employee wiring a radio (because 
he must discriminate between wires of different color), to the 
operator of a color-printing press, to the pipefitter tracing a 
color code through the plumbing system of a plant, and to the 
operator of mobile equipment who must depend upon colored 
signals to determine whether roads are open or pathways 
clear. Various measurable visual characteristics have been 
found to be related to successful performance on certain jobs 
—even on jobs in which these visual factors could not be 
inferred from ordinary job analysis procedures. The pattern 
of visual requirements differs markedly for different jobs, and 
these requirements cannot be discovered except by a study of 
the people on the job, as explained in Chapters 1 and 3. 

Management in productive industries has long recognized 
the importance of vision in employees. Some form of vision 


1 Extensive recent publications in this field are listed in bibliographies on 


industrial vision: 
H. S. Kuhn, "Articles Bearing on Industrial Eye Problems,” Transactions 
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test, administered either in the employment office or as a part 
of the medical examination, is perhaps more common in 
industry than is any other form of employee test. Testing 
visual skills has always been a legitimate psychological func- 
tion, just like testing carried on in other areas of skill or 
aptitude. Visual skills, however, are different in several 
respects from other human capacities that are measured by 
psychological tests. Visual skills are not innate and perma- 
nent; they are to a large degree acquired and can be, and often 
are, modified. They change universally with age. Profes- 
sional eye care, based on a clinical or diagnostic examination, 
can often give to an employee the visual skills he needs for 
his job or restore the skills he has lost with increasing age. 


Measurement of Vision 


Measurement of visual skills of industrial employees and 
applicants may be undertaken for any of several purposes. 
It is important for the industrial Psychologist to know the 
various purposes and points of view that are represented in 
existing visual programs in industry so that he may relate his 
own work to the activities already under Way. More critical 
and comprehensive tests of vision are necessary, designed 
rather for economically valid selection, placement, and 
improvement of employees than for some of the other, simpler 
objectives of vision testing that have been attained in industry 
heretofore. 


Visual skills 


The investigations reported in this chapter have clear] 
indicated the need for adequate visual classification a A 
placement tests specifically adapted to industrial Purposes a d 
conditions. These investigations in many types of in ACE 
have indicated certain aspects of visual perforniance as uM 


of the American Academy of Ophthalmolo, 
N. F. Stump, “A New Concept of 
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Magazine, XXII (1946), No. 1, pp. 4— 
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of most general importance for classifying and placing 
employees according to differences in visual characteristics. 

1. Keenness of vision (visual acuity) at appropriate distances 
—usually tested at twenty feet and thirteen or sixteen inches. 
This visual function is the ability to discriminate black and 
white detail, measured in terms of the minimum separable 
areas that can be distinguished. For industrial placement 
such a test should be equally valid for illiterate and literate 
subjects and should avoid the complications introduced by a 
factor involving discrimination and recognition of different 
shapes, such as letters. ‘The scale should make it possible to 
classify acuity scores adequately throughout the entire range 
of performance. Separate scores should be recorded for both 
eyes together and each eye alone. Since acuity is modified by 
brightness, glare, and other external conditions, the acuity 
test must be given under controlled and standard conditions. 

2. Discrimination of differences in distance (depth percep- 
tion, or stereopsis). This function is an important phase of 
correct perception of spatial relationships. Of several cues 
for judging relative distances of objects, the most important 
for normal two-eyed persons, and the one that can be con- 
trolled and measured most reliably, depends on the slight 
difference in the position of the two eyes. The two eyes 
perform a geometric triangulation upon a distant object, and 
the distance of that object is perceived through an integration 
of the minute differences in appearance of the object to the 
two eyes. Other cues for perceiving distance in the third 
dimension may augment but cannot adequately substitute 
for this cue from two-eye functioning. Stereopsis is measur- 
able quantitatively like most other human functions and 
should be so measured for employee placement. 

3. Discrimination of differences in color. Accurate color 
discrimination is important on some jobs, and it may also 
reflect certain aspects of health that are important for ade- 
quate performance on many jobs. The particular colors to 
be differentiated should include as many combinations as 
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i itivity. The most important 
— impia epe Hat mum common colors in 
Poe roi, Tn der to read such signals correctly, it is 
cor E Ta oi Bod an employee should be able to dif- 
po Bebes them but also that he should be able to 
prm : d interpret correctly the meaning of each color. 
(s Sud a olor vision can and should be scaled for quantita- 
Ped vi est and classification of employees. 
SL Peed characteristics of the eyes (phorias 
ate Esos twenty feet and thirte 
inches. Under certain testing conditions v i 
the necessity for the eyes to converge on a single point, the 
es assume a posture that may converge or diverge from that 
pe red in normal seeing at the test distance, Such Postures 
iode. eooni in clinical terminology) are measured in 
dus of angular deviation from the posture normally required 
for that distance. The deviation may be lateral or vertical 
i d is measured separately in each direction. The explana- 
Son of this phenomenon has not been determined finally ; 
nevertheless such characteristics should be measured because 
they are related to performance on most industria] jobs. 
Such measurement must be done with adequate Control and 
standardization of the several factors that may modify the 
measurement, such as the distance and focus requirement of 
E c are not, of course, the only visual f 
of importance in all industries, but they com 
minimum for a program of testing applicants and employees. 
These tests have been adapted satisfactorily fop simple and 
rapid use in industry, and they are the ones most widely 
recommended by leaders in industrial eye care? for use in 
industry. 
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'The Bausch and Lomb Visual Classification and Placement 
'Tests for Industry? are the first battery of vision tests to be 
constructed on the basis of specifications derived from exten- 
sive investigations among industrial employees in industrial 
situations. "These tests cover the visual functions described 
above and, for maximum speed and convenience in testing, 
are incorporated in a single instrument, shown in Figure 49. 


Fic. 49— The Ortho-Rater in use in a hosiery mill. (Courtesy of Haynes 
Hosiery Mills Company, Winston-Salem, N. C.) 


This instrument, called the Ortho-Rater, is a precision 
stereoscope of relatively long focal length that permits ade- 
quate and separate control of test stimuli for each eye. 
Tests are given at optical equivalents of twenty-six feet and 
thirteen inches. Stereoscopic methods of vision testing have 
been used since the late nineteenth century and were early 
described by Wells.! The statistical data upon which these 


3 The Bausch and Lomb Optical Company, Rochester, N. Y. 
4 David Wells, The Stereoscope in Ophthalmology, second edition (Globe 
Optical Company, 1918). 
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i i in technical 
ed are being published separately in 
ae journals A number of validating studies 
will be cited in this chapter. 


Individual differences in vision 


Employees and applicants differ just as markedly in 
visual characteristics, when these are adequately measured, 
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5 . Giese, “The Interrelationship of Visual Acuity at Different Dis- 
TEN ose ef Applied Psychology, XXX (1946), Dp. 91-106. Dis 

F. W. Jobe, “Instrumentation for the Bausch and Lomb Industrial Vision 
Service,” Bausch and Lomb Magazine, XX (1944), No. 2, Dp. 3-5, 19-21. 

Joseph Tiffin and H. S. Kuhn, Color Discrimination in Industry,» Archives 
of Ophthalmology, XXVIII (1942), pp. n: i : 

Joseph Tiffin and S. E. Wirt, Near vs. Distance Visual Acuity in Rel 
to Success on Close Industrial Jobs," Supplement to Transactions of the A 
Academy of Ophthalmology and Otolaryngology, June, 1944, pp, 9-16. 
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. 51—Distribution of Ortho-Rater scores on near vertical phoria for 
2,394 employees. 
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Fic. 52— Percentages of 1,895 employees failing the Ortho-Rater 
depth perception test at different levels of difficulty. 


men employed in an optical factory. These three curves, 
based on Ortho-Rater tests, show the typical bell-shaped 
distributions characteristic of measurements of human traits. 
By such measurement over the entire range of visual function, 
it is possible to establish the reliability of the tests and to 
discover relations with various measures of job success. 
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Also, it is possible to apply the principle of the selection ratio 
for the selection of varying proportions of employees at either 
end of the scale. 

Figure 52 shows a cumulative distribution of scores made 
by 1,895 women employees in an optical factory on the 
Ortho-Rater depth test. The selectivity of this test at 
various levels is indicated by the percentage of workers failing 
at successive levels, over a range of from 22 per cent to 93 
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ards or limited in range, are not adequate to show relations 
between vision and job performance, nor are they satisfactory 
for placement of employees according to the amount of any 
visual skill they possess. 


Measurement for placement 


For purposes of allocating employees to the specific jobs 
in which their chances of success are greatest, and of selecting 
employees to whom costly training will be offered, it is impor- 
tant to evaluate the different visual requirements of the jobs 
and to appraise the visual skills of the applicants and employ- 
ees. The Ortho-Rater tests comprise the most suitable 
battery of tests, since they were designed and validated for 
just such purposes. The visual traits as measured in this 
test battery have been found to be related to safety, successful 
job performance (production, quality, earnings, scrap savings, 
and so forth), training time, job tenure, and other criteria of 
employee desirability. These vision tests make it possible to 
predict success on the job in terms of their results, for they 
meet the criteria of good test construction—reliability, 
standardization of testing conditions and testing method, 
adequate classification of individual differences throughout 
the range of human performance, and established relations 
with various requirements of different jobs. It is possible, 
with reasonable accuracy, to identify any desired proportion 
of employees at either end of an acuity scale or of any other 
of the measures of vision in this battery. 

The visual requirements for different jobs cannot be 
established adequately by observation of the jobs. They 
can, however, be established by the methods of test validation 
described in Chapter 3—by either the “new employee” or 
the “present employee" method. Visual requirements for a 
given job should be specifie not only for the job but also for 
the workers on the job, or available for it, in a given plant.® 

5 Joseph Tiffin and S. E. Wirt, “Determining Visual Standards for Indus- 


* trial Jobs by Statistical Methods," Transactions of the American Academy of 


Ophthalmology and Otolaryngology, (1945), pp. 72-93. 
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In other words, vision tests must be validated repeatedly and 
independently in each situation. 

For the purpose of statistical tabulation of Ortho-Rater 
test results and the establishment of visual requirements for 
different jobs, Purdue University operates the Occupational 
Research Center,’ equipped with modern electric punched- 
card tabulating equipment and staffed by experienced tech- 
nicians and psychologists. Results of the studies conducted 
in this laboratory are reported to the companies participating 
in the program, together with recommendations for visual 
requirements and the names of employees who need eye care 
to meet these standards. Validity studies reported in this 
chapter are drawn from the files of the Occupational Research 


Center and from the research that led to the development of 
the Ortho-Rater. 


Measurement for employment 


Arbitrary minimum visual requirements for employment 
in an industrial plant have been increasing in prevalence and 
comprehensiveness, along with more stringent government 
standards for license to operate public or private automobiles 
and airplanes. In the commercial aviation industry, vision 
standards are comprehensive, severe, and selective for pilots 
and employees on certain other jobs. The standards are 
enforced rigorously not only at the time of initial employment 
but also throughout the entire period of service of these 
employees. Rigorous enforcement of visual standards has 
long been a practice among railroads for their trainmen and is 
rapidly being adopted for drivers of commere 


s ‘ial transport 
trucks and busses. In these industries, the “common 
carriers,” minimum visual and other physical sta. 


indards are 
sometimes set and enforced by government regulation in the 
interests of public safety. 


Measurement of vision for this purpose is usually satis- 


78. E. Wirt, “A Statistical Laboratory for Vision Test 
sity," Journal of Applied Psychology, XXX. (1946), pp. 354-358. 
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factory when achieved with simple “screening tests," which 
measure performance at the lower levels of ability and *sereen 
out" those who score below some arbitrary level on the test. 
The Snellen letter test is used widely in this way. The 
Keystone Industrial Visual Service? and the Site-Screener? 
are likewise batteries of screening tests useful for this purpose, 
though they have not been validated in terms of the more 
critical requirements for placement tests. 

A reaction has been voiced against visual screening tests 
and enforcement of arbitrary minimum visual standards for 
employment in productive industry. Some workers with 
substandard vision, especially experienced workers, may be 
valuable employees on certain jobs if proper precautions 
are taken for their safety and transportation. Successful 
attempts to fit seriously handicapped workers into some types 
of productive jobs in industry have been reported. During 
periods of emergency production it is necessary to find some 
job for every possible worker, and even during periods of 
normal production it is not advisable to segregate a large 
group to whom employment is denied because of their uncor- 
rectable visual deficiencies, especially if the standards have 
been set arbitrarily without adequate evidence of the impor- 
tance of such visual characteristics on the job. 

Instances have been found in which arbitrary minimum 
standards of vision have not only failed to select the better 
potential employees but have actually selected the poorer 
ones (see page 206). Such standards also deprive an industry 
of some of the skillful and experienced workmen who apply 
for jobs. Even when a correlation exists between visual 


8 The Keystone View Company, Meadville, Pennsylvania. 

? American Optical Company, Southbridge, Massachusetts. 

10 A, C. Snell, *Subnormal Vision and Occupational Aptitude," New York 
State Journal of Medicine, XLI (1941), pp. 1165-1171. 

uE, B. Merrill, Occupational Adjustment of the Visually Handicapped. 
Publieation No. 212 (National Society for the Prevention of Blindness, 1936). 

J. Minton, “The One-Eyed Worker,” British Journal of Ophthalmology, 

* XXIX (1945), pp. 472-476. 
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performance and efficiency on a certain job, it should not be 
assumed that every applicant who exceeds a certain standard 
of performance will be more successful on the job than every 
applicant who is below the standard. The principle of 
employee placement in such circumstances is that, other 
factors being equal or unknown, employees with relatively 
greater amounts of a certain characteristic are more likely to 
succeed than others. However, since an employment office 
often has a limited number of applicants, the standards for 
employment on any job must be flexible. Moreover, those 
who are not hired for some specifie job may be entirely satis- 
factory if hired for some other job that has different visual 
requirements. 


Measurement for referral 


Visual skills and visual deficiencies can often be improved 
by professional eye care and treatment. Many employees in 
industry have a pattern of visual skills that is not adapted to 
their jobs. Often such employees are unaware of the visual 
handieap under which they are working. The ophthalmic 
professions—ophthalmology and optometry—are able to 
rehabilitate, by means of corrective lenses and/or orthoptic 
training, a large majority of employees whose vision is not 
adapted to their jobs. " 

A visual fact-finding program, such as has 
described, establishes the visual requirements 
or group of jobs that are similar in visual requirements 
Employees who do not have the pattern of visual skills that 
is necessary or desirable for adequate Job performance may 
be readily identified and referred for professional eye care 4 

In measuring for referral, employees usually wear hes 
habitual glasses in taking the test, since it woul 
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problem. Such measurement should be repeated periodically, 
on each occasion identifying new cases for professional 
attention. 

Another aspect of measurement for referral to be considered 
is in connection with the introduction of safety glasses. 
Employees who do not habitually wear glasses on the job 
may need something more than plain safety glass before their 
eyes. Some who do wear glasses may need a change of 
prescription before safety glasses are made up specially for 
them. Safety glasses, like any other glasses, should provide 
lenses that give to the employee good vision for his job. 
Data summarized on page 209 show that employees who do 
not have such good vision experience more than their propor- 
tionate share of lost time and home case accidents. It is 
economical to know in advance, if possible, what the lens 
needs of such employees are so that adequate corrective 
safety lenses can be supplied. Otherwise, changes in safety 
glasses might have to be made at the expense either of the 
company or the employee. 


Measurement for compensation purposes 


Visual tests given at the time of employment are some- 
times useful in compensation cases when it is important to 
know whether a condition of visual deficiency was caused by 
injury on the job during an employee's period of service, 
or whether that condition was present when he was first 
employed. Several different aspects of visual function have 
been proposed'? for appraisal in determining relative loss of 
competence for earning a living due to injury to the eyes; 
but in common practice, such consideration is frequently 
limited to a single visual factor, the ability, measured sepa- 
rately for each eye, to discriminate detail at a standard 
distance. These tests are always given without glasses. 


13 “Report of the Committee on Compensation for Eye Injuries: Appraisal 
of Loss of Visual Efficiency" (American Medical Association, Atlantie City, 
N. J., May 26, 1925). 
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Such tests are usually given in the medical department 
of a plant as part of the pre-employment physical examina- 
tion. A widely used test for these purposes is the Snellen 
letter chart, which consists of several rows of block letters of 
decreasing size, usually placed at a distance of twenty feet 
from the subject. A typical Snellen chart is shown in 
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Fro. 54—Snellen and " A.M.A." test charts with scale for converting Snellen 
scores to per cent of visual efficiency. à 
Figure 54. The test is administered by determining, sep- 
arately for each eye, the smallest letters that the subject can 
read. 

The Snellen test is a widely used and effective clinical 
means of determining visual acuity, particularly in connection 
with professional eye refraction. Block letters of a certain 
size and design are generally accepted as a standard of meas- 
urement of visual acuity at a distance of 20 feet. The larger 
the letters at 20 feet that are the smallest readable, the poorer 


VISUAL SKILLS AND VISION TESTS 197 


the visual acuity. The Snellen notation of acuity scores is 
in the form of a fraction—the smaller the fraction, the poorer 
the vision. In this fraction the numerator is constant and 
represents the distance of the test. Thus, visual acuity 
scored 20/20 is standard. A score of 20/40 means that the 
subject can read at 20 feet only a letter twice as large as 
standard, a letter which the ‘‘standard eye" can read at 
40 feet. 

The Snellen acuity designations are not intended to 
represent fractions of useful vision. The employee who 
scores 20/40 at a distance of 20 feet is not necessarily hand- 
icapped 50 per cent in opportunity to earn a living. In order 
to simplify interpretation of visual acuity scores and to set up 
an equitable scale for awarding compensation in proportion 
to actual incapacity due to eye injury, the American Medical 
Association has adopted'* and recommended for use in 
industry a percentage system of acuity notation, with the 
distinguishing title of ‘‘Visual Efficiency."!5 Where the 
Snellen test measures acuity in terms of an actual minimum 
visual angle, the American Medical Association notation 
interprets this angle in terms of percentage of visual efficiency. 
The difference between this percentage and 100 per cent is 
the percentage “loss of vision.” A conversion scale for 
translating acuity scores into the percentage notation is 
shown in Figure 54. Also shown is the first half of a letter 
chart that measures visual angles in steps directly equivalent 
to intervals of 5 per cent on the American Medical Association 
scale. 

This American Medical Association percentage notation 
is ordinarily not carried above 100 per cent or below 20 per 
cent, and for compensation purposes in industry no extension 
of this range is necessary. Acuity above standard is usually 
considered as only 100 per cent in computing compensation 


H Ibid. 
15 Albert C. Snell and Scott Sterling, “The Percentage Evaluation of 
Macular Vision," Archives of Ophthalmology, LIV (1925), pp. 443-461. 
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awards; and in the absence of records, 100 per cent acuity is 
assumed prior to the time of an eye injury. Twenty per cent 
acuity or less is frequently considered as complete lack of 
acuity or industrial blindness, and is therefore not measured 
or classified more precisely. "These practices vary in different 
states, and the industrial relations officer should be familiar 
with the legal practices in his state regarding compensation 
for eye injury in industry.!* 

In the upper range of acuity scores (standard or above) 
adequate segregation of differences in acuity is not possible 
with these letter charts, since the common Snellen charts 
provide only two or three test levels above standard and 
the percentage chart provides none. Other limitations of the 
Snellen letter test have been pointed out," and nonliterate 
test charts have been developed. These charts eliminate 
letters and require the subject to identify a spatial pattern, 
such as a broken ring that may have its open area at the top, 
bottom, right, or left. In spite of the limitations of both the 
Snellen and American Medical Association charts, these tests 
have furnished industry with a convenient and acceptable 
basis for segregating and classifying cases of substandard 
acuity in questions of compensation for eye injury. Equiva- 
lent information may be obtained, of course, from more 
elaborate vision tests used in the plant for other purposes. 


Vision and Job Proficiency 


The importance of vision in industry can be satisfactorily 
demonstrated only in relation to acceptable industrial 
criteria, such as hourly production, proportion of work 
rejected for defective workmanship, supervisors! ratings of 
employees, employee absences, rate of labor turnover, or some 
other measurable aspect of employee value to the company. 


16 See A. C. Snell, Medicolegal Ophthalmology (C. V. Mosby 
Louis, 1940). 

17 C, E. Ferree, and G. Rand, “A New Method of Ratin; 
Journal of General Psychology, XXV (1941), pp. 143-176. 
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The visual characteristics that correlate with these industrial 
criteria differ from job to job and cannot consistently be 
predicted without correlational evidence. 


Types of relation 


It has been demonstrated on many different jobs that 
employees who have been classified according to their job 
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Fic. 55—Distribution of far acuity scores in relation to job performance for 
97 milling machine operators. 


10 


Acuity, Both Eyes, at Distanc 
œ 


Fic. 55—Distribution of far acuity sec 


97 milling mac! 


Good Superior 


res in relation to job performance for 
iine operators. 


200 VISUAL SKILLS AND VISION TESTS 


proficiency do differ with respect to certain visual skills. 
'Those who do the job best usually have certain visual charac- 
teristics that are not found as frequently, or to the same 
degree, among those who do not do it so well. Such a situa- 
tion was illustrated by Coleman? in the case of milling 
machine operators, as shown in Figure 55. This group of 97 
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Fic. 56— Differences in near acuity of experienced inspectors with 
different job performance ratings. N = 170. 


employees had been classified by their supervisors as poor, 
fair, good, and superior in job performance. Their scores on 
distance acuity, for both eyes, on the Ortho-Rater test ranged 
from 3 to 14. There is considerable overlap in ran 
of these four classes of employees, 
(shown by arrows) indicate a consiste 
producers to have higher acuity. 
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16 per cent of the superior workers. High distance visual 
acuity is one characteristic more common in the better 
producers, and is therefore a desirable trait for employees on 
that job. 

Similar trends in near acuity for 170 piston ring inspectors 
are shown in Figure 56. These inspectors were rated by 
supervisors as A (high), B, C, and D (low) on the basis of 
production and accuracy. Acuity of both eyes together and 
of the worse eye separately tend to be consistently higher for 
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Fic. 57—Average hourly earnings of 73 electric solderers in relation to near 
visual acuity. 


the higher-rated groups. High near acuity, in both eyes and 
in the worse eye (therefore also in the better eye, or in each 
eye separately) is a demonstrable requirement for this job. 
Such a requirement is based on the fact that the better 
inspectors more frequently score high on acuity, or, to put it 
another way, the high scores on acuity occur more frequently 
among the better producers. 

The specific relation between any particular vision test 
and a criterion of success on a given job must be established 
from a scattergram, like the one on which Figure 55 is based. 
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The relation may be rectilinear or curvilinear or both in 
different parts of the test range. A scattergram reveals one 
or more points in the test range where a minimum require- 
ment can be established that will segregate the largest pro- 
portion of superior workers with the smallest proportion of 
rejections. This point will often be a compromise between 
the optimum for selectivity of better workers and the maxi- 
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mum of failures that is practical in relation to the current; 
labor market. 

Figure 57 shows the relation of near acuity and piece-rate 
earnings of 73 electric solderers of small metal parts. These 
solderers scored no lower than 7 on this test, Of those who 
scored 7 or 8, none was earning the average of 80 cents an 
hour. Of those who scored 9 and better, increasing Dre 
centages earned 80 cents an hour or more, The most select 
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group of workers comprises those scoring 12 or better, and that 
score could well be taken as an optimum. So few persons, 
however, can score so high on the test that this optimum may 
not be a practical requirement. Figure 58 shows, for different. 
possible minimum  requirements,. the percentage of the 
present “better” solderers who could pass the test, and also 
the percentage of the present ‘poorer solderers" who could 
pass. Asthe minimum requirement is increased from 7 to 12, 
the proportion of low producers passing the test decreases con- 
tinuously. But, also, the proportion of high producers passing 
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the test decreases as .he minimum requirement is increased to 
10 or more. Since this test is only one of a battery of tests, 
each of which may likewise be selective for this job, it is 
expedient to set a minimum requirement on this test that is 
not of itself too severe and that will eliminate as large a pro- 
portion as possible of the poorer workers and as small a 
proportion as possible of the better workers. In this case, a 
minimum score of 9 or 10 would be most practical. A 
It should be remembered, in discussing present employees 
who “fail” or are “disqualified” on the basis of. vision tests, 
that this result does not imply that they should be taken off 
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Fie. 58—Selectivity of near acuity test for electric solderers, 
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mum of failures that is practical in relation to the current 
labor market. 

Figure 57 shows the relation of near acuity and piece-rate 
earnings of 73 electric solderers of small metal parts. These 
solderers scored no lower than 7 on this test. Of those who 
scored 7 or 8, none was earning the average of 80 cents an 
hour. Of those who scored 9 and better, increasing per: 
centages earned 80 cents an hour or more, The most select 
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the job. Since visual skills can often be improved through 
professional eye care, such a classification may mean only that 
they should be referred for such care. 

Figure 59 shows a different type of relation between near 
acuity and production rating for 177 gaugers. The average 
rating increases with higher acuity scores, up to 7. Above 
that point the average rating does not vary systematically. 
The production averages of all groups scoring 7 or better in 
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near acuity are higher than are those of any 
below 7. On this test no minimum requirement higher than 
7 would improve the discrimination value of the test. It 
is as though acuity of 7 is adequate to do this job, and better 
acuity is not needed. This job is therefore in contrast with 
the previous one mentioned, in which the best acuity for the 
job seems to be the best that is possible. 

Figure 60 shows a positive relation between ne 
and successful work in radio tube assembly, 
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score on this test, the higher the proportion of better workers. 
For this same group, Figure 61 shows a negligible relation 
between distance acuity and success on the job. Distance 
acuity is evidently unimportant on this job. In the same 
manner any one or more of the vision tests comprising a 
battery may have little or no relation to success on some 
jobs. It would be uneconomical for purposes of placement 
to require for this job any minimum of distance acuity, 
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Fra. 61—Rated job performance of radio tube assemblers in relation to far 
acuity. N = 225. 
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since such a requirement would disqualify some applicants 
even though it makes no difference on the job. 

A negative relation exists between distance acuity and 
production of hosiery loopers, whose work is at a distance of 
six to eight inches from their eyes. The better loopers, taken 
directly from their work for vision tests, do not do as well on 
distance acuity tests as the poorer workers. Figure 62 shows 
such a relation for 199 loopers. Those who scored highest on 
the acuity test, plotted to the right in this graph, were pro- 
ducing on the average 2.5 dozen pairs per hour. Those who 
scored lowest on distance acuity were producing more than 
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_4.0 dozen pairs per hour. Snellen acuity equivalents are also 
given in this graph to show that the traditional standard of 
20/20 distance acuity or better would, in this case, actually 
select potentially poorer, rather than better, loopers. 

Figure 63 shows a similar relation for 29 looper learners. 
In this case their far acuity scores at the time of employment 
are plotted against training cost, which is the total payment 
supplied by the management to make up minimum guaran- 


oo 


> a LÀ 
o o o 


PERCENTAGE OF VERY FAST LEARNERS 
N 
o 


o 
14 12 10 8 6 4 2 o 2 4 6 8 10 
CONVERGING DIVERGING 
SCORE ON NEAR LATERAL PHORIA 


Fic. 64—Speed of learning of loopers in relation to near lateral phoria. N = 29. 


teed rates, over and above piece-work earnings, until each 
looper was earning base rate or better when her production 
was computed at piece-work rates. Those scoring lowest on 
the acuity test cost on the average about $30.00 each in make- 
up money, while those scoring highest cost about $50.00. 

On acuity, depth, and color tests, the more desirable scores 
might be expected to be at the high end of the scale. On 
phoria tests, the more desirable scores might be expected to be 
in the middle of the scale. Optimum visual scores on phoria 
tests, however, do vary considerably from job to job. Figure 
64 shows, for the same 29 looper learners mentioned above, 
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test results on near lateral phoria in relation to speed of learn- 
ing. The phoria test results are here converted to measures 
of departure from normal convergence for the test; distance. 
The largest proportions of fast learners occur in the range 
of scores 2 to S units to the left of normal, representing 
greater convergence than normal. Such asymmetry in phoria 
requirements is not uncommon. 

Figure 65 shows a similar asymmetric relation between 
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vertical phoria scores and rated Success of 95 milling machine 
operators. Normal (middle) and slightly abnormal Scores at 
the right end of the scale are acceptable for this job, since they 
include a large proportion of high-rated Operators. On the 
other hand, abnormal scores in the other direction are 
able, since they include very few of the high-rated o 
These asymmetric visual requirements are proba 
with unusual postural requirements of the job. 
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7,000 men employees on all productive and maintenance jobs 
in a steel mill were tested on a. battery of vision tests, and 
their test scores were considered in relation to whether or not 
they had had a serious accident in the preceding two years 
that was unaccountable in terms of some obvious external 
cause. Figure 66 shows the relation between incidence of such 
accidents and scores on a far lateral phoria test. "The phoria 
Scale is converted here into standard units (prism diopters) 
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Fra. 66—Relationship between phoria (far) and frequency of serious accident 
cases. 


of deviation from the group mean. Of those cases showing 
the greatest divergence, about 3 per cent had had serious 
accidents; of those showing the greatest convergence, over 
6 per cent had had accidents. 

The opposite relation appeared when the same group was 
tested for near lateral phoria, as is shown in Figure 67. 
Among those cases showing greatest divergence from the 
mean, 6 per cent had had accidents; while among those with 
greatest convergence, 4$ per cent had had accidents. The 
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accident-free employees score in the range of divergence on 
the far test and in the range of over-convergence on the near 
test. This relation was verified by Stump” in tests conducted 
on groups of employees in two plants of a copper and brass 
company—another heavy metals industry. . 

This paradox can be resolved by considering the phoria 
posture as an indirect response to the focus stimuli in the 
phoria tests. A change in focus demand from far to near 
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Fic. 67— Relationship between phoria (near) and freque 


ney of serious accident 
cases. 


induces a change of convergence posture in the Phoria tests. 
Subjects with the greatest change in convergence from the far 
test to the near (divergence at far, convergence at hear) are 
most responsive to a change in focus stimulus and ar 


e also 
more frequently accident free. F igure 68 shows the accident 
experience of these same workers in a steel mill as it is related 


? N, F. Stump, “Spotting Accident-Prone Workers by Vision Tests,” Fac- 
tory Management and Maintenance, June 1945, pp. 109-119. See also “A 
Statistical Study of Visual Functions and Safety,” Journal of Appli 


ed Psychol- 
ogy, XXIX (1945), pp. 467-470. 
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to a composite of both phoria test scores—the actual change 
in convergence from far test to near test. Of those with the 
greatest increase in convergence on the near test, 4 per cent 
had had accidents, while among those with a negative increase 
in convergence, 9 per cent had had accidents. Stump made 
similar computations in terms simply of far phoria score 
minus near phoria score plus a constant. 
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Fie. 68—Net relation between lateral phorias, far and near and incidence of 
serious accidents in a steel mill. N = 8503. 


It is evident from the foregoing examples that specific 
vision tests, properly constructed and possessing adequate 
reliability, have different relations with successful perform- 
ance on different jobs. Some of these relations might have 
been anticipated, but others most likely would not have been 
inferred from observation of the jobs. It is also evident that 
such relations between test results and various measures of 
employee success on the job can be discovered. It is quite 
practicable, from a study of these relations, to establish 
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minimum and/or optimum visual requirements on specific 
tests for a given job. The pattern of visual requirements 
established by such a factual appraisal of visual test results 
represents the pattern of visual skills that is desirable for that 
job. This pattern constitutes ‘‘good vision" for the job. 


Patterns of visual requirements 


Each test in the battery of vision tests is separately 
analyzed in relation to job success. Some of the tests may 
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requirements for the job of electric soldering mentioned above 
is illustrated in Figure 69. 

In this profile the blacked-out areas represent undesirable 
scores in the prediction of success on this job. The cross- 
hatched areas represent undesirable scores for maximum 
success. ?? 
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Fia. 70—Hourly earnings of electric solderers who do or do not 
meet the visual requirements for the job. N = 70. 


All present employees on this job were classified as to 
whether they did or did not meet all the visual requirements 
of the battery of tests. In terms of average hourly earnings, 
those who did meet them were producing more than the 
others. Figure 70 shows this relation between earnings and 
total visual requirements. Of those solderers earning below 
70 cents an hour, 41 per cent met all the visual requirements 


20 This and all other visual profiles discussed in this chapter were established 
in the Occupational Research Center at Purdue University and are based on 
data sent in for analysis by various industrial plants using the Ortho-Rater. 


-The Purdue University Occupational Research Center, which is sponsored and 


subsidized by the Bausch and Lomb Optical Company, is a statistical research 
unit concerned primarily with the analysis of visual and other personnel test 
data in relation to the requirements of industrial jobs. 
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(shown by clear spaces). Of those earning 70 to 89 cents an 
hour, 66 per cent met all the requirements; and of those 
earning 90 cents or more, 96 per cent met all the requirements. 
Of those meeting the visual requirements, 67 per cent earned 
over 80 cents an hour; but of those who did not meet the 
requirements, only 18 per cent earned over 80 cents an hour. 
Those who met the requirements produced 12 per cent more 
than the visually unqualified group. 

This pattern of visual requirements also differentiated 
employees in terms of quality of work, as shown in Figure 71. 
Twenty per cent of the work of those employees who did not 
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Fic. 71—Quality of work in relation to vision of 
electric solderers. N = 70, 


experienced 
meet minimum visual requirements was rejected by inspectors 
and returned to the solderers for repair or Scrap. Of the work 
of those who met the minimum visual requirements, 15 per 
cent was rejected. For those who could also meet a still more 
severe pattern of visual requirements (established on a review 
of this job a year later), the rejection rate was only 10 per cent 
—teinspection and repair costs were only half as great as for 
the visually unqualified group. 
Also this visual pattern differentiated beginners in terms of 
learning time. Forty per cent of the new employees put on 
this job who did not meet all the visual requirements were 
earning their base rate in ten weeks time; but 75 per cent of 
those who did meet all the visual requirem 
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an average $30.00 less in minimum wage make-up money to 

each of those who were visually qualified than to each of those 

not qualified. Of those who were visually qualified, more 

were still on the job a year later; and they had had somewhat 

fewer absences than those who were not visually qualified. 
In this pattern of visual requirements, near vision is more 

important than far vision. In the re-study of this same job 
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Fic. 72—Pattern of visual requirements for loading and push truck operators. 


a year later,?! the far acuity requirements were eliminated 
completely. 

A radically different pattern of visual skills, that desirable 
for push truck operators, is shown in Figure 72. Here only 
a modest degree of distance vision is important for success on 


219, E. Wirt, “Eye Care Increases Earnings of Electric Solderers," Opto- 
metric Weekly, XXXVII (1946), pp. 1091-1093, 1104. 
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the job. Another type of visual skills profile, for workers 
operating milling and profiling machines, is shown in Figure 
: 73. Here both far and near vision are important. On still 
another job, gray inspection in a hosiery mill, good one-eyed 
vision is quite acceptable, as shown in Figure 74. 
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Fic. 73—Pattern of visual requirements for millin; 
operators, 

Such different patterns of “good vision” have been 
established for many jobs in various plants. Similar opera- 
tions have similar visual requirements. Similarity of job 
title in different plants, however, does not guarantee similar 
operations or similar visual requirements. And even on 
similar operations, the severity of visual requirements may 
vary from one plant to another, depending on the general 
level of visual skills in the industrial Population. But 
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for a given job in a given industrial population, practical 
visual requirements can be established by the method here 
illustrated. ee — —MÓ—Á cM 

Not often is there available for test validation such a wide 
array of criteria as in the study on electric solderers. The 
visual requirements established for that job discriminated 
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Fic. 74—Pattern of visual requirements for hosiery inspectors. 


among workers in terms of production, earnings, quality, 
ratings, accidents, absences, tenure, learning time, and 
training cost. Occasionally a pattern of visual requirements 
will correlate positively with one measure of job success and 
negatively with another. In one such case, for a job of 
assembling small electrical parts, minimum requirements on 
several vision tests correlated positively with quality of work 
and negatively with quantity. Figure 75 shows these results. 
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In the upper part of the figure, the greater length of the black 
bars shows a higher average hourly earning (quantity of work) 
for those failing on each of four vision tests than for those 
passing. In the lower part of this figure, the greater length 
of the first black bar shows that a higher rating for quality of 
work, also, was given to those failing the far acuity test. 
But the three longer white bars show that on the other 
three tests work of higher quality was done by the passing 
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Fic. 75— Differences in quantity and quality of work 
among 33 electrical assemblers who passed or failed 4 vision 
tests. 
group. Except for far acuity, ability to pass the vision tests 
correlates with lower production and better quality of work. 
Ability to pass the far acuity test correlates with lower pro- 
duction and poorer quality. Ayers”? reported similar results 
from an investigation conducted among inspectors of cones 
of rayon thread. In such situations the different criteria are 


22 A. W. Ayers, “A Comparison of Certain Visual Factors with the Efficiency 
of Textile Inspectors,” Journal of Applied Psychology, XXVI (1942), pp. 812- 
827. 
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inversely related to each other. Management must then 
decide what measure of job success best represents the kind 
of workers that is wanted, and the pattern of desirable 
visual skills can then be established on the basis of this 
criterion. More frequently the criteria of job success are 
interrelated, and for most measures the same pattern of visual 
skills discriminates between better and poorer workers. 
For example, a pattern of visual requirements for general job 
efficiency, based on supervisors ratings, was established for 
paper machine operators. This same pattern correlated with 
accident experience, as shown in Figure 76.? Of those 


HAD ACCIDENTS HAD NO ACCIDENTS 


MEET VISUAL 
REQUIREMENTS 


HAD NO ACCIDENTS 
DO NOT MEET 


VISUAL REQUIREMENTS 


10 20 30 40 50 60 70 80 90 100 


PERCENTAGE OF TOTAL GROUP 
Fic. 76—Incidence of accidents serious enough to require medical attention 

among paper machine operators who do or do not meet the visual requirements 

for the job. 
meeting all visual requirements for efficiency, 37 per cent had 
had accidents serious enough to require medical attention in 
the previous year, while among those who did not meet all 
the visual requirements, 67 per cent had had accidents. 


Changes in Vision with Age and Job Experience 


Visual skills change with age, as well as with continued 
experience and visual application in certain work. Entirely 
apart from the influence of occupational trends and loss of 


73 8, E. Wirt and H. H. Leedke, “Skillful Eyes Prevent Accidents," Annual 
News Letter, National Safety Council, Industrial Nursing Section, Nov. 1945, 
pp. 10-12. 
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vision from injury, visual skills show almost universal deteri- 
oration with advancing age. Consequently, employees who 
have at any time all the desirable visual characteristics for 
their jobs will not likely maintain those skills indefinitely 
without professional eye care. Fortunately, most of the 
natural losses of visual efficiency with increasing age can be 
adequately compensated for by means of professional eye 
care and optical aids. 

Recent research has increased our knowledge of the scope 
of these changes in maturity with respect to differences 
between men and women, differences among different indus- 
trial populations, and the effect of optical aids. Maintenance 
of visual skills involves another aspect of vision testing—the 
periodic re-test to disclose losses of visual skills that might be 
repaired. The facts concerning visual changes with age 
indicate the ages at which such changes are most pronounced, 
during which years periodic re-tests are most important. 
Since the proportion of older employees in industry has been 
increasing for at least a half century, these changes in vision 
must be of greater concern in industry than ever before. 


Visual acuity and age 


One change in vision with age is common knowledge—the 
change that makes it necessary for older persons to use extra 
lens-power to see clearly at close distances. Figure 77 shows 
composite figures, representing over 11,000 cases from a 
number of industrial plants, on near acuity, both eyes, 
together for men and women who were using glasses for near 
seeing and separately for men and women who did not use 
glasses. All three classes are sub-divided into five- 


; year age 
groups. Among those without glasses, there is loss of near 
acuity for some before age 35, and serious loss by age 45. 


Loss in this particular visual skill comes in middle a 
age range that embraces most of the key men in any i 
By age 55 this transition is pretty well completed 
losses are slight. 
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Up to age 45 women without glasses have on the average 
less keen near vision than men, and after age 45 have retained 
somewhat keener near vision. This difference between men 
and women is substantiated in a study by Collins,?! summa- 
rized by Wirt,” showing that women enter upon and complete 
this transition several years earlier than men. 
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Fic. 77— Changes in near visual acuity with age for men 
and women who do and do not wear glasses. 

Men and women who wear glasses for near seeing, even 
though the glasses may no longer be adequate for best vision 
or may have been obtained without benefit of professional 
eye care, tend to maintain a more constant level of near 
acuity (and a much higher level) after age 45 than those 
without glasses. This evidence indicates that with adequate 
professional eye care and optical aids, losses of near vision 
can largely be eliminated. 


21 S, D. Collins and E. H. Pennell, “The Use of the Logistic Curve to Repre- 
sent the Prevalence of Defective Vision of Persons of Specific Ages Above 
30 Years," Human Biology, VII (1935), pp. 257-266. 

?9 S, E. Wirt, “Industry Faces Presbyopia," Optometric Weekly, XXXV 
(1944), pp. 653-654. 
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Figure 78 shows differences in far acuity between employ- 
ees who do and do not use spectacles for distance or general 
vision. Below the age of fifty those wearing spectacles have 
lower average acuity than those who do not use spectacles. 
Probably those in this age range who are using glasses are the 
ones who most need them to bring acuity up to average, and 
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Fic. 78—Differences in far acuity between employees who do and do not use 
spectacles. 


those who do without glasses most frequently have average 
or superior acuity. After the age of fifty, however, those who 
are already accustomed to spectacles maintain their vision 
by occasional change of glasses, but those who have done 
without spectacles suffer considerable loss before they obtain 
help. Figure 79°% shows much less rapid loss of distance 


26 Jesse C. Rupe, ‘Variations of Visual Skills with Sex and Age,” A Thesis 
submitted to the faculty of Purdue University in partial fulfillment of the 
requirements for the degree of Master of Science, 1946, p. 19. 
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acuity for men and women in another plant where for a 
number of years professional eye care had been provided for 
employees. In this graph women show lower average acuity 
than men, in spite of the fact that a larger proportion of them 
use eyeglasses. A reasonable speculation in explaining this 
difference is that women in a plant are more frequently 
employed on jobs requiring visual adaptation to prolonged 
near vision, and that, in addition, men more frequently have 
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Fic. 79—Changes in far visual acuity with age for men 
and women employees in a precision industry. 
outside interests that exercise distant vision—such as driving 
and sports. 


Depth perception and age 

Figure 80 shows differences in average depth perception 
s with inereasing age for three industrial populations— 

,200 men in heavy industry (paper, steel, shipbuilding), and 
^ 800 women and 2,400 men, separately, in light precision 
work. All those employees who used glasses on the job were 
tested wearing them. 

Men and women in the same light industry show somewhat 
different patterns of change in depth perception with age. 
This difference is probably associated with the fact that for 
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the most part men and women perform different jobs in the 
plant—most of the heavier and physically more active jobs 
being done by the men. The men tend to show a higher 
development of depth perception during middle age—the only 
example of a visual skill increasing with age. This trend is 
more pronounced among men in the heavy indusiries. It 
would seem that physically active work is associated with a 
greater development of depth perception, which does not 


—— MEN-HEAVY 
--- MEN-LIGHT 
——-WOMEN-LIGHT 


MEAN DEPTH PERCEPTION TEST SCORE 


o 
15 20 25 30 35 40 45 50 55 60 65 70 


AGE 


Fie. 80— Changes in depth perception with age for different 
groups of industrial employees. 


reach its peak of development until age 35. After age 50 loss 
of depth perception accompanies loss of distance acuity. 
Since this visual skill develops with experience in certain 
types of work, then presumably it could be developed earlier, 
by training, for those jobs where it is needed. 


Color discrimination and age 


Figure 81 shows mean scores on the Ortho-Rater color test 
for large samples of men and women from a number of indus- 
tries, classified by age. The test is similar in form to the 
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Ishihara Color Perception Test, and probably measures the 
same visual function. Women tend to average very slightly 
higher than men in color test scores, and after age 45 both 
sexes show a loss in color vision. In an earlier report?’ based 
on a study of a pre-war population of men in a steel mill, 
it was shown that decreases in color vision began by age 
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Fic. §1—Changes in color discrimination with age for men 
and women. 
25. Both studies agree that color vision deteriorates with 
advanced age. On jobs requiring a combination of color 


discrimination and long training, it therefore becomes very 
> 


important to select trainees with a great initial amount of 
color-vision ability. 
Some changes in vision with job experience 


Experience on a particular job often tends to develop in 
employees some of the visual characteristics that are desirable 


27 Joseph Tiffin and Hedwig S. Kuhn, “Color Discrimination in Industry,” 
Archives of Ophthalmology, XXVIII (1942), pp. 851-859. 
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on the job and some that may not be desirable. These 
changes may be in the same direction as the changes with age 
or in the opposite direction. Loopers in hosiery mills tend to 
develop exceptional amplitude in focus range for very near 
objects and to maintain this facility in spite of the general 
tendency to lose it with increasing age. Exceptional visual 
performance that characterizes experienced employees on a 
particular job is in part the result of practice and incidental 
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EXPERIENCE IN MONTHS 
Fic. 82— Changes in distance acuity with increasing experience on the job of looping 
hosiery. Curve based on 206 hosiery loopers. 


training on the job and in part the result of a selection process, 
entirely apart from any formal selection with respect to vision. 
Those employees who have or can easily develop the desirable 
qualifications for the job tend to remain on the job and accu- 
mulate experience. Those who do not have or cannot easily 
develop these qualifications tend to drop out or to be trans- 
ferred to other jobs before they acquire much experience. 
Consequently, the relationship between visual characteristics 
and experience is augmented by this selection process that 
operates in the same general direction as experience. The 
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results of such selective and adaptive processes have been 
investigated for jobs requiring close vision. 

The first year of looping hosiery is a period during which 
marked changes in visual characteristics occur. Figure 82 
shows the relation between experience and distance acuity for 
206 loopers. Distance acuity tends to decrease with experi- 
ence, and this relation holds whether employees wear correc- 
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Fic. 83—Differences in near acuity of radio tube assemblers with greater and 
less job experience. 
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tive spectacles or not. This change may be interpreted as a 
shift in visual skills from far to near, for these loopers showed 
exceptionally high development of near vision. 

e Figure 83 shows another relation between vision and job 
experience—in this case between near acuity and experience 
on the job of radio tube assembly. Fifty-four assemblers with 
less than six months experience scored from 7 to 13, the 


28 W, S. Duke-Elder, “An Investigation Into the Effect Upon the Eyes of 
Occupations Involving Close Work," British Journal of Ophthalmology, XIV 
(1930), pp. 610-620. Also see M. Luckiesh and F. K. Moss, “Functional 
Adaptation to Near-Vision,” Journal of Experimental Psychology, XXVI 
(1940), pp. 352-356. 
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greatest number scoring 9. Among 71 assemblers with more 
than six months experience, scores ranged from 7 to 14, with 
the greatest number at 11. A minority of the inexperienced 
workers and a majority of experienced workers scored higher 
than 10 on this test. The greater incidence of higher near 
acuity among experienced assemblers indicates either (1) 
a natural elimination from this group of many beginners 
who did not have high near acuity, or (2) a development of 
greater near acuity with increasing job experience. The fact 
that about an equal proportion of both groups were wearing 
eyeglasses indicates that neither group had any marked 
advantage in eye care. 

If the higher near acuity of the experienced group is due 
to natural selection, it is then important to select new employ- 
ees with adequate near acuity so that more of them will 
remain on the job. If the higher acuity is due to learning on 
the job, then the development of near acuity is. part of the 
learning required on the job. Selection of beginners with 
adequate near acuity could be expected to reduce the amount 
of learning, and therefore the training time, required on this 
job. 


Job differences in vision 


Visual conditions that characterize employees on several 
jobs in a sheet and tin mill indicate the effects of experience 
and informal selection. Formal selection standards for initial 
employment on these jobs included only acuity and, for some 
jobs, color vision. But, as shown in discussing age trends, 
even these differences in vision due to differential selection 
for initial employment on different jobs are rapidly eliminated 
by age trends and also by transfer from one Job to another. 
Certain job factors, however, result in training and further 
selection on the job. Table 19 gives the 
employees on different payroll jobs who met 
wide visual standards. This table also shows, fi 
the percentage of all employees in the plant 


percentages of 
certain plant- 
or comparison, 
who met these 
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standards. Small differences between groups are of no 
significance, but large differences indicate real variations from 
the plant average and indicate real job differences. Those 
figures in Table 19 that differ by a statistically significant 
amount from the plant average are marked. Every job 
row and every vision column shows one or more significant 
differences. 


TABLE 19 
PERCENTAGE or EMPLOYEES oN DIFFERENT Joss Wuo Passep Various TESTS 
or VISION 
Acuity,| Acuity, 
Employees eee Far, Far, mee] Color | Phoria,| Phoria,| Acuity 
* Sre N Both | Worse tion Vision | Far Near | Near 
Eyes Eye 
1. Foremen... 320 | 95.9 77.8 | 85.1* | 66.5* | 57.0 63.7 81.4* 
2. Clerks..... 590 | 94.1 73.7 79.5 79.2* | 63.1 69.4* | 88.9* 
3. Electricians 430 | 94.5 68.4t | 86.4* | 59.6 57.9 59.6 61.7 
4. Machinists. 380 | 93.7 73.3 92.4* | 60.0 60.9 66.2 65.6* 
5. Cranemen.. 250 | 97.6* | 82.1* | 81.9 57.0 61.3 66.2 52.2 
6. Hookers.... 250 | 94.7 75.0 81.0 59.1 71.1* | 67.9 59.8 
7. Laborers... 710 | 92.3 72.2 74.5T | 52.7 62.9 66.0 52.4 
Plant Total...| 7000 | 94.0 73.1 79.2 55.3 61.1 63.6 61.0 


* Significantly high. t Significantly low. 

Note: These figures are corrected for differences in age on the different job groups. 

If employees on different jobs are drawn from different 
populations, differences from job to job may be due to differ- 
ences in the source of the employees. Table 20 shows 
separately for white men, Negro men, and white women in a 
large plant the percentages passing a test of distance acuity 
and a test of red-green color discrimination. The women were 
best on color vision, the Negro men best on acuity. Since 
Negroes and women in this plant were only on certain types of 
jobs, these differences between races and sexes might be 
mistaken for characteristic job differences. . Also differences 
in age have not been ruled out in this comparison. 

In this same plant, watchmen and police in the plant 
protection department showed surprisingly poor scores on 
many of the vision tests, especially distance acuity. One 
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the greatest number at 11. A minority of the inexperienced 
workers and a majority of experienced workers scored higher 
than 10 on this test. The greater incidence of higher near 
acuity among experienced assemblers indicates either (1) 
a natural elimination from this group of many beginners 
who did not have high near acuity, or (2) a development of 
greater near acuity with increasing job experience. The fact 
that about an equal proportion of both groups were wearing 
eyeglasses indicates that neither group had any marked 
advantage in eye care. 

If the higher near acuity of the experienced group is due 
to natural selection, it is then important to select new employ- 
ees with adequate near acuity so that more of them will 
remain on the job. If the higher acuity is due to learning on 
the job, then the development of near acuity is part of the 
learning required on the job. Selection of beginners with 
adequate near acuity could be expected to reduce the amount 
of learning, and therefore the training time, required on this 
job. 


Job differences in vision 


Visual conditions that characterize employees on several 
jobs in a sheet and tin mill indicate the effects of experience 
and informal selection. Formal selection standards for initial 
employment on these jobs included only acuity and, for some 
jobs, color vision. But, as shown in discussing age trends, 
even these differences in vision due to differential selection 
for initial employment on different jobs are rapidly eliminated 
by age trends and also by transfer from one Job to another. 
Certain job factors, however, result in training and further 
selection on the job. Table 19 gives the percentages of 
employees on different payroll jobs who met certain plant- 
wide visual standards. This table also shows, for comparison, 
the percentage of all employees in the plant who met these 
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significance, but large differences indicate real variations from 
the plant average and indicate real job differences. Those 
figures in Table 19 that differ by a statistically significant 
amount from the plant average are marked. Every job 
row and every vision column shows one or more significant 
differences. 


TABLE 19 
PERCENTAGE or EMPLOYEES ON DIFFERENT Joss Wuo Passep Vanrous TEsTS 
or VISION 
Acuity,| Acuity, 
Employees | poi. | Far, | Far, || Depth | Color | Phoria, Phoria, Acuity 
Ployees | proxi- | Both | Worse Tce- Vision | Far Near | Near 
mate N E 5 tion 
yes Eye 
1. Foremen... 320 | 95.9 77.8 85.1* | 66.5* | 57.0 63.7 | 81.4* 
2. Clerks..... 590 | 94.1 73.7 79.5 79.2* | 63.1 69.4* | 88.9* 
3. Electricians 430 | 94.5 68.47 | 86.4* | 59.6 57.9 59.6 61.7 
4. Machinists. 380 | 93.7 73.3 92.4* | 60.0 60.9 66.2 65.6* 
5. Cranemen.. 250 | 97.6* | 82.1* | 81.9 57.0 61.3 66.2 52.2 
6. Hookers.... 250 | 94.7 75.0 81.0 59.1 71.1* | 67.9 59.8 
7. Laborers... 710 | 92.3 72.2 74.5T | 52.7 62.9 66.0 52.4} 
Plant Total...| 7000 | 94.0 TS... 79.2 55.3 61.1 63.6 61.0 


* Significantly high. t Significantly low. 

Note: These figures are corrected for differences in age on the different job groups. 

If employees on different jobs are drawn from different 
populations, differences from job to job may be due to differ- 
ences in the source of the employees. Table 20 shows 
separately for white men, Negro men, and white women in a 
large plant the percentages passing a test of distance acuity 
and a test of red-green color discrimination. The women were 
best on color vision, the Negro men best on acuity. Since 
Negroes and women in this plant were only on certain types of 
jobs, these differences between races and sexes might be 
mistaken for characteristic job differences. . Also differences 
in age have not been ruled out in this comparison. 

In this same plant, watchmen and police in the plant 
protection department showed surprisingly poor scores on 
many of the vision tests, especially distance acuity. One 
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reason was their average age, which was considerably more 
than the plant average. Another possible reason was that 
in the past veteran employees who could no longer be kept on 
produetive jobs were transferred to the plant protection 
department. These extraneous selective factors will often 
obscure job differences in vision or create spurious differences 
unless they are carefully controlled in statistical studies of job 
differences. 


TABLE 20 
PERCENTAGE OF NEGRO MEN, Warre MEN, AND Warre Women EMPLOYEES 
Passixa Two Vision Tests 


PERCENTAGE PASSING TESTS 


EMPLOYEES 


Color Vision Distance Acuity 
White Women.... 74.5 76.0 
White Men.. 60.4 76.1 
Negro Men.. 40.7 80.7 


Visual Improvement 


Unlike most other aptitudes and traits that may be con- 
sidered for employment, visual skills can be improved or 
adapted to specific demands by means of professional eye 
examination and eye care. Applicants and employees who 
do not have the visual skills that are important for their jobs 
can usually be given the kind of vision they need. This 
possibility is important when labor is scarce and the available 
employees cannot all qualify visually for the jobs for which 
they are needed. It is also important to realize, in the light 
of changes in vision with age, that the visual efficiency of most 
experienced workers can be maintained at an adequate level. 


Use of glasses 


Use of eyeglasses on the job is an imperfect indication of 
the extent to which employees have taken advantage of 
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professional eye care. In some cases glasses are bought 
over a counter without benefit of professional advice. In 
other cases the glasses are obsolete, or might have been 
prescribed for other activities. For example, in a certain 
steel mill about 20 per cent of the men over fifty years of age 
carried in their pockets glasses that they used only when they 
needed to see better at close range—in some cases these 
glasses were used rarely or not at all on the job. Many of 
them were "store glasses," not fitted to the individual needs 
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Fic. 84—Use of glasses at different ages for different industrial 
populations. 
of their wearers; 75 per cent of them did not even enable 
their users to see clearly at close range. However, 50 per 
cent of the men over age 50 wore glasses regularly on the job, 
most of these glasses having been fitted by professional eye 
men. Only 20 per cent of these glasses did not enable their 
users to see clearly at close range. 

Use of glasses is at least an indication of a concern for 
vision and a search for more efficient or more comfortable 
seeing. Figure 84 shows, for three industrial groups, the 
proportion of employees of different ages who used any kind 
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of glasses at work. The lowest curve represents 7,171 men 
on productive and maintenance jobs in a sheet Steelmill. The 
upper two curves represent 1,895 women and 2,499 men in à 
precision instrument plant. At all ages, the men in the pre- 
_ cision industry used glasses more frequently than men in the 
heavy industry, and women used them more frequently than 
either. Exacting visual demands, and therefore greater need 
of eye care, are more common in the precision industry, and 
particularly for women's jobs. Further, adequate eye care 
was available at the plant to all employees in the precision 
work, and their social and educational background was such 
as to lead them to take advantage of all health and profes- 
sional services. Whether employees take advantage of eye 
care depends on the availability of eye care, the visual 
demands of their jobs, their socio-economic status, and their 
age. 
Not half the men in the heavy industry used glasses before 
the age of fifty—late in life in relation to the losses of vision 
with age as shown in the previous section. In contrast, over 
half of the men in the precision work used glasses by age forty- 
five, and over half the women used them by age thirty-five. 


Eye care improves job performance 


Professional eye care, and the adaptation of optical aids 
to individual needs and job demands, has given workers an 
advantage in various activities. Experiments in the use of 
special types of occupational lens correction for jobs requiring 
very close vision have been carried out in England.2° These 
glasses include a component, over and above what would 
be indicated for ordinary lens corrections for these persons, 
that has the same optical effect as though the work were 
removed farther from the eyes but without loss of visibility. 


29 H, C. Weston and S. Adams, On the Relief of Eyestrain Among Per. - 
forming Very Fine Work (London, H. M. Stationery Office, 1928). SE ceni 
Experiments on the Use of Special Spectacles in V. ery Fine Processes (London 
H. M. Stationery Office, 1929). ? 
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In psychological terms these lenses modify the visual require- 
ments of the job so that they come within the range of adapt- 
ability of a larger number of potential operators. These 
spectacles are worn only on the job; they are part of the job 
equipment or tools. At other times each operator wears 
whatever spectacles may be desirable for general use, or, if 
none are needed, no spectacles at all. 
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Fic, 85— Effect of occupational eyewear on the production of learning loopers. 


These early experiments have been duplicated under the 
medical supervision of Dr. H. S. Kuhn on one job in hosiery 
manufacture—the operation of looping. This job requires 
an average visual working distance of eight inches. Figure 
85 shows the production of learning loopers on coarse-gauge 
hosiery who wore such spectacles, in proportion to the pro- 
duction of a comparable group who did not wear such spec- 
tacles. At the outset, the control group was producing more 
than the experimental group, while both groups were improv- 
ing. With two increases in hours worked, these learners 
adjusted their hourly pace downward. At the conclusion of 
the experiment the group wearing glasses had gained 0.3 
dozen pairs production per hour more than the control group 


e 
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— gain of 10 per cent in production and piece-rate earnings. 
This advantage enabled them to reach their peak of produc- 
tion—which was also a higher peak—more rapidly than the 
group not wearing glasses. Since this one operation of loop- 
ing accounts for about 20.pex cent of the labor cost in the 
manufacture of circular-knit hosiery, more economical opera- 
tion through the use of such spectacles would seem to be 
possible. ‘ 

The spectacle prescriptions for these experiments varied 
from one operator to another because of individual differences 
in visual characteristics, although the job requirements were 
uniform. Not all of the operators would or could wear such 
spectacles successfully, but the advantages might become 
available to a larger proportion of such operators with 
improved bases for predicting individual -lens preseriptions 
for occupational use. Thirty operators who wore these 
spectacles successfully showed on a visual retest six months 
later a pronounced and uniform shift of visual characteristics 
away from the peculiar conditions that characterize most 
operators on this job and toward what is generally considered 
normal; and their subjective reports indicated in most cases 
less fatigue during work and greater pleasure from activities 
involving the use of their eyes after work. 

Such specialized occupational eyewear cannot be intro- 
duced in any industrial situation except by a competent and 
ingenious ophthalmologist or optometrist who is not only 
qualified as an eye expert but also is familiar with the visual 
problems of specific jobs and with typical Management atti- 
tudes and methods of approach to such problems, Ideally 
such a project should be carried on in collaboration 


£ ] À with an 
industrial psychologist who can set up adequate criteria as a 
goal. The first step is to demonstratz.a relationship between 


?"The optical addition was varied by Dr, Kuhn for diff 
according to the results of an examination. The average optical wdamPlovees 
an amount that changed the focus requirement from 8 inches to 11.5 i 1 = was 
Xhe convergence requirement from 8 inches to 9.5 inches, "snehesiand 
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certain visual characteristics and service or success on the job. 
For example, preliminary studies on other jobs in the manu- 
facture of full-fashioned hosiery indicate that occupational 
glasses like those for loopers might be generally beneficial for 
menders but not so beneficial for seamers, for whom, possibly, 
some other type of special occupational eyewear would be of 
benefit. The second step in carrying on-such a project is to 
deterraine how certain visual characteristics may be induced 
safely and beneficially by lenses. The final step is to evaluate 
the success of the project. 
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Tic. 86—Increased earnings of hosiery pairers as a result of eye care. 


In another hosiery mill all women employed in matching, 
stockings exactly into pairs had been tested on the Ortho- 
Rater. Minimum visual requirements had been established 
for this job, and those employees who did not meet the require- 
ments were referred for eye care to the profegsional eye men 
of their choice in the community. The results of a follow-up 
study a year later, reported by Kephart,** are shown in Figure 
86. Earnings were hased-on production at piece rates. A 
change in method enabled all pairers to produce and earn 
more. Those who had not received eye care had increased 


31N. C. Kephart, “An Analysis of Professional Eye Care and Industrial 
Efficiency,” Transactions of the American Academy of Ophthalmology and 
Otolaryngology, L(1946), pp. 166-170. 
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their earnings approximately 5 cents 
had received eye care, though lower in 


'—4 gain of 8 cents an 


hour over the other income incre, f 
rease o 


nearly $200. 


Results from a similar follow-up study of electric solderer: 
employed in joining the small parts of gold Spectacle owe. 
reported by Wirt? are Shown in Figure 87. Becorvarstor. 
from war to peace was accompanied by an Average loss of 
production and earnings of 4 cents an hour for those who had 
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Fra. 87—Effect of eye care on earnings of electric solderers, 


received no eye care, but those Who had received eye care 
held their own and actually inereased their earnings one-ha]f 
cent an hour. Among those cases who could qualify on the 
most severe, or optimum, visual requirements for the job, 
those without benefit of eye care increased their earnings a 
fraction of a cent an hour, while those who had benefited by 
eye care increased theirs by 914 cents an hour. These studies 
show that vision can be improved, that it can be adapted to 
specifie job demands, and that eye care tends to increase 
production and earnings, especially when it enables the 
employees to meet the visual demands of the job. 


8. E. Wirt, “Eye Care Increases Earnings of Electric Solderers,” 
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Visual Maintenance 


Proper placement of employees is only one part of a pro- 
gram for taking advantage of visual differences among 
employees. The other part is proper maintenance of these- 
skills. Good practices in simplification of jobs, adequate 
lighting, and use of various types of occupational aids will 
help in the maintenance of adequate visual performance 
among employees. Proper job lighting should give attention 
not only to general illumination but also to specific job require- 
ments for illumination. Standard general practices for 
lighting have been codified by illuminating engineers.?* 


Eye protection 


Adequate physical protection of the eyes of workmen also 
helps in maintaining standards of visual performance on the 
job. Visual hazards in industry that threaten visual com- 
petence of employees include the possibilities of sudden 
injury (trauma) or of cumulative ill effects like industrial 
diseases, such as ultraviolet “burns” among welders. Some 
visual hazards in industry, against which protection is 
possible, are: 

l. Ultra-violet radiations (are and acetylene welders, 
welders' helpers). 

2. Infra-red radiations (melters, furnacemen, and others 
working around furnaces and molten metal). 

3. Air-borne dust and noxious fumes (sand blasters, 
colliers, millers, trainmen, truckers, aviators, workers in 
some chemical operations). 

4. Splash and spatter (welders, grinders, handlers of acid 
and other caustic chemicals, solderers, foundrymen). 

5. Severe impact and explosion (riveters, chippers, chem- 
ists, drillers, powder men). . é 

Each of these hazards requires a different type of eye 


33 Committee on Lighting Practice, Illuminating Engineering Society, 
Recommended Practice of Industrial Lighting, The Society, New York City. 
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protection, including masks, optical filters, and lenses highly 
resistant to breakage and Shattering. Minimum standards 
for such protective devices have been formulated by govern- 
ment agencies. Manufacturers have made progress toward 
adapting the design of such devices to specific job require- 
ments of vision and visibility, to individual differences in 
facial size and contour, and to various combinations of 
hazards. The economie value of such devices has been 
demonstrated repeatedly.?* 

Although such measures for the maintenance of visual 
proficiency are taken, it is still certain that changes in vision 
will take place in a majority of employees with increasing age 
and job experience. Some of these changes, such as the loss 
of near vision with age, have long been accepted as inevitable. 
Yet even this change, universal and serious as it is for indi- 
viduals who must do any reading or close scrutiny on their 
Jobs, is often not recognized and corrected until the efficiency 
of the employee has been definitely reduced. Perhaps one 
reason for this is that the loss of near vision with age does not 
occur suddenly like a broken arm or a sprained ankle, but 
develops so gradually that an employee is often unaware of 
his increasing handicap until long after his work has been 
seriously affected. Indeed, paradoxical as it may sound, no 
one can tell from the way things look to him whether his vision 
is normal or below normal. Just as many persons go through 
life without knowing that they are color-blind—unless they 
have been tested and told the result—sc also many persons 
with seriously deficient visual performance in other respects 
are unaware of their real condition unless it is demonstrated 
to them in terms of objective test results. These facts make 


** U. S. Department of Commerce, National Bureau of Standards, 4 meric 
Standard Safety Code for the Protection of Heads, Eyes, and Respiratory Or. ig 
National Bureau of Standards Handbook H24 (U. 8. Government P: SAS 
Office, 1938). rinting 

* H. P. Davidson, “Two Years of Industrial Ophthalm. 
man Car Works," Journal of Industrial Hygiene, VIII (1925 
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it necessary to check periodically the vision of present 
employees. 
Job simplification 


An important part of an industrial program of vision is the 
recognition and simplification of visual operations in the plant 


'and the improvement of visual working conditions. Visual 


factors in job operations can often be eliminated. Where 
they cannot be eliminated altogether, sometimes simpler 
visual functions can be substituted for more complex ones. 
Jigs and fixtures for positioning tools and materials help to 
reduce visual operations to a minimum. Another factor in 
the simplicity of visual operations is the area over which they 
are performed. Several studies in the Purdue Time and 
Motion Study Laboratories have shown the costliness of eye 
movements in relation to time expended and accuracy of 
work achieved?*. Some visual cues can be simplified so that 
they can be observed with peripheral or “side vision” with- 
out turning the eyes. Figure 88 shows the spread of visual 
operations on two repetitive jobs. In general, the visual 
operations on any job should be orgar.ized into a restricted 
area at a convenient and fairly uniform distance from the 
eyes. The visual working distances can best be measured 
from the plane in front of the eyes where spectacles are 
usually worn (the lower forehead or base of the nose approxi- 
mates this position) to the various points of visual attention 
on the job. The angular deviation of these “‘lines of vision" 
from horizontal is also important in connection with the use 
of spectacles, especially bifocals or special occupational 
glasses. Such information may be helpful in determining 
visual requirements for various jobs, and should be incor- 
porated in job analyses and descriptions for use of eye doctors 
in prescribing lens for specific jobs. 


3 J. Tiffin and H. B. Rogers, “The Selection and Training of Inspectors,” 
Personnel, XVIII (1941), pp. 3-20. 
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Optical aids " 

While job simplification and adequate lighting may reduce 
the visual requirements on some jobs, other visual require- 
ments can be modified by the use of optical devices that 
permit a larger proportion of available employees to perform 
a job satisfactorily. Special types of microscopes, magnifiers, 
and micro-photographic apparatus permit visual inspection 
and scaling of very small surfaces and pieces and analysis of 
material structure. Small machined parts can be magnified 
in profile for direct comparison with original large-scale 
drawings by means of the contour projector, shown in Figure 
89. Polariscopes reveal stresses and strains in transparent 
models of castings. These are only a few of the many types 
of optical instruments, developed for specialized work in 
industry, that, like gauges, meters, and dials, bring important 
manufacturing operations within the range of visual observa- 
tion of average employees. 

Without colored glass (optical filters) some operations, 
such as welding and melting, would be practically impossible. 
The use of clear, hardened protective glass enables employees 
on other jobs, such as chipping, sanding, planing, drilling, and 
grinding, to face their work without flinching or averting their 
eyes, thus making full use of their visual capacity. The 
importance of spectacles for the compensation of individual 
anomalies of vision is shown on the preceding pages. Because 
of the differences in visual performance for different distances, 
mentioned on page 239, such spectacles would seem to be 
most appropriate for industrial purposes when they are 
designed to meet not only the individual, personal needs but 
also the specific visual requirements of a particular job at some 
particular work distance or range of distances. 


Periodic retests of vision 


Employees in certain critical positions in industry can 
usually be required to maintain good vision. Operators of 
mobile equipment have responsibilities for the safety of other 
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Sas aS 
Fic. 89—The Contour Measuring Projector. The view before the operator is an 
enlargement of the teeth on a machine tool. 


employees. Supervisors have responsibilities for correctly 
interpreting instructions to workmen and maintaining both 
quality and quantity of production. Maintenance and repair 
men have responsibilities for keeping other men from becom- 
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ing idle on account of breakdown. Inspectors have far- 
reaching responsibilities for quality of product. "These and 
other employees whose functions directly affect other groups 
of workmen or the general welfare of the plant can and should 
be made to feel their responsibilities with respect to maintain- 
ing their own physical functions at a high level of efficiency. 
Employees in some industries, such as the common carriers 
and other public utilities, whose operations are subject to 
public observation, frequently show great pride in the physical 
qualifications that they maintain and demonstrate in repeated 
examinations.?? Visual requirements for a license to drive a car 
in many states have given a great impetus to such attitudes. 

Periodic retests are usually administered in the same place 
and follow the same routine as the pre-employment examina- 
tion. At designated periods, and upon due notification, an 
employee presents himself for re-examination. At that time 
he is usually interested and ready to discuss his personal health 
and efficiency and to take any steps that are advisable to 
maintain them. This feature of a visual program can well be 
inaugurated with supervisors (to set the precedent), extended 
to cranemen, truckers, and others in the field of transport 
within or outside a plant, to inspectors, to gang leaders, to 
men on hazardous jobs, and to any other group that has 
an easily recognizable visual responsibility. The interval 
between tests need not be uniform for all groups. Indeed, it 
should be determined separately for each group in proportion 
to the importance of vision in that group. 

"These retests cannot be done all at once, but they can be 
distributed over a long period and thus made a small part of 
routine, rather than special, activities. "This usually involves 
a separate file for each group of employees arranged in calen- 
dar order of their next examinations. Sometimes, however, 
greater economy in such testing operations can be achieved 


7 Hart E. Fisher, "What Periodical Examinations Can Accomplish,” 
National Safety News, XX XII (Dec, 1935), pp. 33-34. 
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by consolidating them into a limited period at a specific time. 

More general vision testing among employees in a plant 
or à department may be advisable from time to time in an 
attempt to combat the losses that occur with age and to raise 
average levels of visual proficiency in the plant. Such gains 
are effected in proportion to the number of employees whose 
vision can be improved somewhat rather than to the amount 
of improvement that can be achieved in the vision of a few 
employees. Itisimportant and economical to retain employ- 
ees with experience on the job, to “salvage” as many as 
possible of the employees whose visual proficiency has 
deteriorated, and to find other jobs for those who have become 
visually incapacitated for their present jobs. 

The immediate objective of a visual survey is to identify 
employees whose visual performance is low and to stimulate 
them to obtain professional attention. Since such profes- 
sional treatment requires both time and money, it becomes 
necessary to select those employees who are most in need or 
who would be most likely to be benefited by such services. 
Some of these employees can be selected on the basis of their 
own complaints or their progressive loss of proficiency on a 
job requiring visual ability; but too often a serious visual 
deficiency will long be undetected by these means. 


Maintenance of occupational eyewear 


Any glass before an employee’s eyes should not only be the 
best glass for his needs but should be maintained in the correct 
position for maximum value. Ina survey of employees in a 
Steel mill only one-half of one per cent of employees showed a 
serious tendency for one eye to point slightly higher than the 
other; but when this condition occurs it is often the forerunner 
to double vision during periods of fatigue. Among the 
employees who were not wearing glasses, .42 per cent showed 

' this tendency, but among those wearing glasses, .78 per cent 
showed it. This condition can be induced by glasses that are 
not maintained level and in the correct position. Apparently 


as 
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this fact accounts for the greater percentage of this tendency 
among employees wearing glasses. 

Employees who have obtained their glasses on prescription 
from a reputable eye man have in most instances thereby 
established contact with adequate services in adjusting and 
maintaining their glasses. But many employees do not have 
such contacts or do not make use of them frequently enough. 
A few industries have hired men permanently to supervise 
employee eyewear. Such a supervisor selects the right kinds 
of safety eyewear and fits them to an employee’s face, makes 
adjustments and repairs on all types of eyewear, makes up 
special devices for special purposes, cleans and sterilizes 
safety eyewear, and instructs employees in the use and 
maintenance of their eyewear. He does not make professional 
examinations or fill prescriptions. Such a man can pay his 
own way in a plant by the savings he effects from salvage of 
damaged goggles. The total economic saving from his work 
is likely to be many times the cost. i 


Employee education in vision 


It should be evident from the preceding discussion that a 
visual program for employees now in service is a phase of per- 
sonnel maintenance and therefore involves problems of 
employee training or education. Employees must be moti- 
vated to develop habits of personal maintenance, to expect to 
meet certain standards of visual proficiency, and to discover 
for themselves a source of professional eye care that can keep 
their visual proficiency at a maximum. The visual testing 


' itself and the experience that it involves are important ele- 


ments in this training. The effect of survey tests as a frankly 
educational device in improvement of job performance, apart 
from any other corrective measure, has been demonstrated, 
and many reports of improvement in production, safety, and 


38 E, D. Fletcher, "Effect of Special Tests on Driving Ability," Preliminary 
Report on Special Tests (State of California, Department of Motor Vehicles, 
Division of Drivers Licenses, 1939). 
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employee morale as a result of visual surveys can well be 
attributed in part at least to this factor. It is reasonable to 
expect, however, that any real improvement in job perform- 
ance due to improvement in visual proficiency will be reflected 
in improved performance on vision tests. 

A special problem in vision education is employees’ atti- 
tudes toward vision tests and visual standards. Employees 
often have only a few vague notions and many misconceptions 
as to the scope of visual functions, the nature of visual defi- 
ciencies, and the significance of optical aids. A concept 
widely in use at a former time, but still heard among older 
persons, is “weak eyes.” Glasses were for “weak eyes," and 
those who wore glasses had “weak eyes." This term no 
longer has any true or specific reference among the concepts 
of professional men and has been replaced largely in popular 
thinking by other terms. A current term, under which are 
included most problems of vision, is “visual defect "—profes- 
sional ocular services and optical aids “correct” visual defects. 
This seems an unfortunate concept because of the universal 
resistance to admission of personal defect. A person who 
solicits ocular services and accepts optical aid for his eyes 


must go through the mental operation of admitting and ' 


accepting à personal defect—unless he can find some other 
rationalization for his conduct. This attitude has been 
further promoted by visual surveys and visual Standards in 
employment, automobile driving, and other are 
Since those who are selected for ocular att 
methods show substandard performance, a 
implication is that ocular attention is primarily if not exclu- 
sively for those with substandard or "defective? vision. 
The result of this attitude is that many workmen deny them- 
selves ocular advantages because of pride. In an attempt to 
overcome this psychological handicap to visual improvement 
concepts of “visual efficiency” and “visual Skills" have been 
popularized in recent years. 

An industrialist responsible for employee education should 
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be able to help an employee understand his visual problems 
and to appreciate the purposes of industrial vision testing so 
as to elicit maximum co-operation toward improving his 
employability. From an industrial standpoint, visual con- 
ditions are considered functionally as elements of aptitude or 
adaptability. Whether the limits in visual adaptability are 
functional, structural, or pathological is not the concern of the 
psychologist—nor, for that matter, of anyone except the 
professional eye man. The industrial problem is to discover 
such limitations ?nsofar as they are related to industrial per- 
formance and insofar as they can be determined reliably by 
simple, non-professional tests, such as those mentioned on 
page 185. These tests may be thought of as sampling 
different aspects of visual adaptability. Limitations in such 
functions are to the professional eye man symptoms of some 
basic dislocation of visual responses. To the industrialist 
they represent individual differences in visual aptitude or 
adaptability for specific job requirements. Visual aptitude, 
in the sense of adaptability, is different from aptitude as 
ordinarily defined, for visual adaptability can often be 
modified in many respects by means of spectacles, orthoptic 
training, magnifiers, microscopes, and other optical aids. 
Eyeglasses mediate between the visual demands of the job 
and the visual capacity of the worker. The end result should 
be better efficiency in activities of major importance. 

The employee can be encouraged to anticipate functional 
improvement in his visual characteristics and to look upon 
glasses or other methods of eye care as a means to this end. 
If he wishes to verify the result, after a period of re-adaptation, 
in terms of the same industrial tests that he originally failed 
to pass, he should have an opportunity to do so. 

Another problem of education in visual hygiene is the 
attitude of the employee toward using occupational eyewear 
of various types. In some instances, protective or corrective 
spectacles may be actually uncomfortable or otherwise not 
adapted to an employee’s individual needs and conditions. 
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But a more general unreadiness to accept optical aids of this 
sort can be traced in part to the popular misconceptions 
previously mentioned and in part to employment policies that 
have sometimes been followed. In many industries, an 
applicant wearing glasses has been considered ineligible to 
undertake a physically active job. Surreptitious use of 
spectacles has been reported?? among workers in the building 
trades. On jobs where ordinary Spectacles are Jiable to 
breakage their use is certainly unsafe, not only because of the 
hazard to the wearer's eyes but also because an employee who 
has broken his customary glasses is visually unadapted to his 
job and may therefore endanger himself and others. With 
the development of combination corrective and protective 
lenses, or “prescription goggles,” the hazard of glasses is not 


ally safer behind such lenses 


progressive industry today. 

"Getting glasses" is not necessarily the answer to the 
visual needs of employees. Neither is it the right recom- 
mendation to make to employees who Show substandard 
performance on industrial tests, Some basic causes of visual 
deficiency must be attacked by other means than eyeglasses 
and many functional deficiencies cannot be remedied by 
spectacles alone. The right Tecommendation is to get pro- 


nt examination, treatment, 
prescribed, and ar ar 
after care. , any necessary 


3? Francis E, Carroll, “Defective Eyes; 3 agi 
Bausch and Lomb Magazine, XVI, No. 3 HUS in the Building Trades,” The 
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Training of Industrial Employees 


EwrLovrzs must be systematically trained if they are to 
do their jobs well. No matter how carefully men have been 
selected, or how much aptitude they may have for their jobs, 
systematic training is essential if they are to reach a satisfac- 
tory level of job performance. Formerly it was standard 
practice to have training done by the foreman or supervisor 
in charge of the work. Inexperienced men were sent to the 
supervisor (or hired by him) and it was his job to see that the 
new men were given the necessary training. But just as 
modern scientific management has found that experts should 
supplement the work of the foreman in making job analyses 
and setting rates, so also management is finding that the use 
of experts in training is advantageous as a supplement to the 
work of the foreman. This does not mean that outside 
experts need necessarily do the training. Their function, 
rather, is to set up the machinery for the training to be done 
by properly qualified persons, to supervise the construction 
or writing of necessary manuals or other materials, and to 
keep in close touch with the accomplishment of the trainees 
during the instructional period. "Through this procedure 
training costs of various departments and various jobs may 
be compared, and the relative efficiency of different training 
methods may be evaluated in an objective (and often finan- 
cial) manner. 

The Measurement of Training 
A comparison of training methods, or the evaluation of 


any single method, requires some means of measurement. 
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The value of precise means of measurement of a type thor- 
oughly accepted in other branches of management is now 
being recognized as of equal value in industrial training. 
There are several standards that may be used in measuring 
the effectiveness of training. 


Production 


Training is usually training for production, and.therefore 
the success (or failure) of the training is usually indicated by 
the production achieved by the trainees at various stages of 
their training. 

In many industrial jobs the work has been time-studied, 
rates based on these studies have been set, and output or 
production of employees is indicated by production or earn- 
ings. A comparison of production from one time to another 
reveals immediately how effective the intervening training 
has been and whether new or different methods should be 


by Blankenship and Taylor, are reproduced in Figure 90. 


In order that these curves may be comparable from one 
operation to another, the pr 


plotted in terms of Bedaux units. 


It will be noted that for each oper 
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to forty-one Bedaux units. With increasing experience, the 
output in each case rose until, for trimming and hemming, 
it reached sixty-nine units at the end of thirty-five weeks; 
while in the case of covering, only sixty-two units were 
reached in this length of time. It is apparent that no serious 
discrepancy in speed of learning exists among the three 
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Fic. 90—Learning curves for three operations 
in a textile mill. 


operations studied. It will also be apparent, however, that 
if a serious discrepancy did exist, that is, if employees on any 
one of these jobs tended to lag consistently behind employees 
on the other jobs in speed of learning, an exact quantitative 
measurement of the amount of the lag would be indicated 
immediately by learning curves of this type. Such curves, 
therefore, serve the very useful purpose of providing a means 
of evaluating the successfulness of an operator-training pro- 
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gram and spotting decisively those operations in which 
training is inadequate, either in quantity or quality. 

The question may be raised as to whether such curves as 
those in Figure 90 indicate the effect of training or the effect 
of experience on the job. The answer depends on the type of 
activity that has taken place during the period studied. 
Obviously, if no formal training has been given and each 
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Fic. 91—Learning curve of hosiery loopers. 
Personnel Director, Melrose Hosiery, High Point, N 


(By courtesy of J. D. Boyd, 

- Carolina.) 
operator has been left free to pick up the “ tricks of the trade" 
in whatever way he or she can, the curves would indieate only 
the improvement due to experience. On the other hand, if 
formal training has been given systematically Over a period of 
weeks, the curves will indicate the amount of improvement 
in job performance occurring as a result of the training and 
experience. The curves simply show the change in job per- 
formance that takes place. Whether this change is due to 
training or experience or to a combination of these factors can 
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be decided only in the light of a complete knowledge of the 
conditions under which the operators have been working. 
But when the curves for a given operation are available, 
together with a knowledge of the working conditions, it is 
possible to evaluate in objective and accurate terms the 
effectiveness of the method that has been used in training 
new operators. 

A similar curve showing the relationship between produc- 
tion and experience on the job of looping in a hosiery mill has 
been reproduced on page 18 in connection with the discussion 
on individual differences among operators at different stages 
of the learning process. Another curve of learning for hosiery 
looping from another plant is reproduced in Figure 91, a copy 
of which is given to all new employees on this particular job 
in this plant. Although these curves have not been graphed 
in terms of Bedaux units, the general principles involved in 
their construction are the same as those just discussed.’ 


Production time required to do the job 


It is sometimes more convenient to measure the effective- 
ness of training in terms of the reduction in time required for 
the job as the training progresses. 

An excellent example of the application of this method to 
the evaluation of a job-training program has been published 
by Greenly.* Figure 92, reproduced from Greenly's article, 
shows the reduction in time required to change the knives on 
a flying shears following a program of job training dealing 
with this operation. The graph shows that the average time 
required for the operation for the year preceding the instal- 
lation of the training program was twenty-nine minutes. 
Immediately after the training was undertaken a drop in the 
time required for the operation is apparent. This drop 
continued for three successive months, at the end of which 


2 R. J. Greenly, “Job Training," National Association of Manufacturers Labor 
Relations Bulletin, No. 35 (1941), pp. 5-8. 
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time the operation required an average time of only eighteen 
minutes. From a graph of this type it is a simple matter to 
compute the dollars-and-cents savings effected by such a 
iob-training program. In this instance the eleven minutes 


[2] 
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Fic. 92—Effect of a job training program on the time required to change knives 
in a flying shears. 
saved times the minutes labor cost times the average number 


‘of changes resulted in a saving of $1740 per month or $20,880 
per year. 


Number of operators meeting production standard 


Where production standards have been set, a measure of 
the effectiveness of training is the number (or percentage) 
of trainees who meet the standard after a given period of 
training. If anew training program is initiated, its value may 
be checked by a comparison of the percentage of operators 
who meet production standards after a given period of time 
with the corresponding percentage of operators who had met 
the standard after the same period of training under the 
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previous program. This method of measuring the effective- 
ness of training is illustrated in Figure 93, published by 
Lawshe. In this figure the bar graphs indicate the per- 
centages of operators meeting a given production quota after 
four and after eight weeks of training. The bars show the 
results for a group of operators in a new training program and 
for a group not in the program. It is apparent that operators 


DURING FIRST| 16% 
FOUR WEEK 
> 32% 


DURING FIRST 37% 
EIGHT WEEKS 


46% 
L]e OPERATORS NOT IN PROGRAM 


| EH OPERATORS IN PROGRAM 


Fic. 93—Effect of an “induction” program upon per cent of 
employees engaged in a record press operation who met production 
standards after four and eight weeks, respectively. (Figures 93 
to 98, inclusive, are reproduced by courtesy of Factory Manage- 
ment and Maintenance from C. H. Lawshe, Jr., “Eight Ways to 
Check the Value of a Training Program," Factory Management 
and Maintenance, May, 1945, pp. 117-120.) 


in the program excel those who are not, both at the end of four 
weeks and at the end of eight weeks. 


Increase in learning rate 


Comparison of the learning curves for an operation under 
two sets of learning conditions provides another means of 
evaluating the relative effectiveness of two training programs. 
Such a comparison is shown in Figure 94 from Lawshe.* In 
Figure 94 are plotted the earnings of apprentices at the end of 
eight, successive six-month periods under a piece-work method 
of payment, in comparison with earnings at corresponding 
periods of a group of apprentices paid the customary contract 


3 C. H. Lawshe, Jr., “ Eight Ways to Check the Value of a Training Program," 
Factory Management and Maintenance, May, 1945, pp. 117-120. 


4 Ibid. 


256 TRAINING OF INDUSTRIAL EMPLOYEES 


rates. It will be noted that under the piece-work plan, the 
apprentices are earning the same amount at the end of thirty 
months (five six-month periods) as the apprentices under 
customary contract rates earn after forty-two months. 
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Fic. 94— Production of apprentices paid on an incentive plan 
in comparison with those paid customary contract rates. 


Decrease in breakage or use of consumable supplies 


If two training methods result in a significant difference in 
use of tools, parts, and other consumable supplies, the method 
involving the smaller use of supplies is ordinarily the better 
one. This quantitative method of measuring the effective- 
ness of training is illustrated in Figure 95.5 The operators 
whose work is charted were on the job of cutting small 
tungsten dises on a machine using a rotary abrasive cutting 
wheel. One of the major costs of the operation was the use 
and replacement of these wheels. In Figure 95 the horizontal 
dotted lines show the per cent of wheels broken by 


previous 


employees, who were not in the training program, at the end f 
of eight weeks, twenty weeks, and thirty-six weeks, respec- | 
tively. It is apparent from the chart that in each case the "e 


5L. G. Lindahl, “Movement Analysis as an Industrial Training M. 5 
Journal of Applied Psychology, XXIX. (1945), pp. 420-436. raining Method, 


TRAINING OF INDUSTRIAL EMPLOYEES 257 


trainees broke fewer abrasive wheels than did previous 
operators at the end of equal periods on the job. 
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Fic. 95—Decrease in abrasive wheel usage of trainee group in comparison 
with present employees of varying amounts of experience, 


fe} 


Reduction in number of accidents 


In many plants and on many operations, accident pre- 
vention is one of the basic matters covered by a training 
program. In such situations, a means of measuring the 


DID NOT ATTEND [ | 32 


DECREASE OF 19% 
Fic. 96— Comparison of accident experience during first 
30 days of employment of employees attending a vestibule 
training program and employees broken in "on the floor.” 


effectiveness of training may be found in a comparison of acci- 
dent experience data before and after the beginning of a new 
training program. This type of measurement is illustrated 
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in Figure 96 from Lawshe.* In this chart are plotted the 
percentage of employees having one or more accidents during 
their first 30 days on the job. The top bar is based on the 
record of the last 70 employees broken in ‘‘on the floor," 
while the lower bar is based on that of the first 70 employees 
to go through a new vestibule training school. 


Reduction in absenteeism 


À similar measurement of the effectiveness of training may 
often be obtained from records of absenteeism. This method 
is illustrated in Figure 97, also from Lawshe.? During the 


DID NOT 
ATTEND 54 


DECREASE OF 51% 

Fia. 97—Comparison of absenteeism during first 30 days of 
employment of employees attending a vestibule School and 
employees broken in “on the floor." 

first 30 days of work for each group, there was a total of 152 
days of absence among those who were trained on the floor, 
in contrast with a total of only 74 days of absence among those 
who had the vestibule training. 


Reduction of labor turnover 


The expense of training new men is usually a significant 
part of production costs. Other things being equal, a training 


DID NOT 
ATTEND 13% 


DECREASE OF 55% 

Fic. 98—Comparison of terminations before 30 days of 
employment of employees attending vestibule school and 
employees broken in “on the floor.” 

program that keeps labor turnover at a minimum should be 
sought. A further measurement of the effectiveness of the 


ê Lawshe, op cit. 
7 Lawshe, op. cit. 
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vestibule school referred to above was obtained from data on 
turnover before and after the school was inaugurated. These 
results are graphed in Figure 98, from Lawshe.? 


Company policy and technical information 


To measure the effect of training in terms of immediate 
monetary savings, using one or more of the indices described 
above, is not always possible. When that is the case it does 
not mean, however, that measurement is impossible. On the 
contrary, measurement may often be made of the effective- 
ness of training in such matters as company policy, knowledge 
of job, technical information, and so on, by means of specially 
constructed tests. For example, many industries devote 
a considerable amount of attention to supervisory training 
conferences. Such conferences frequently emphasize the 
importance of company policy and devote a considerable 
amount of time to instructing supervisors in ways of handling 
numerous kinds of problems, the solution of which requires 
a knowledge of company policy. It is not necessary to 
assume that such conferences implant the necessary or 
desired information in the mind of the supervisor, nor is it 
necessary to rely upon the supervisors’ answers to such ques- 
tions as, Have these conferences improved your ability to 
handle situations?" in order to find out whether the confer- 
ences have actually had the desired effect. A more satisfac- 
tory method of evaluating such conferences is to resort to the 
general principle of measurement. Such measurement can 
readily be made by means of specially constructed true-false 
or multiple-choice questions that cover thoroughly the sub- 
ject matter of the conferences and that determine in quantita- 
tive terms just what the supervisors know and do not know 
about the subject matter before and after the conferences 
have been held. Typical examples of the kind of questions 


3 Lawshe, op. cit. 
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that may be used for this purpose have been published by 
Mapel.? 


If an employee is called out for work at 8:00 P.m. because of a 
vacancy in à position regularly filled by another employee, and he 
works until 12:00 r.m., he should be paid for: 


1. 4 hours work. 
2. 5 hours work. 
3. 6 hours work. 
4. 8 hours work. 


In department “A” there are three shears; John Jones is first 
helper on No. 1 shear, who, due to sickness of the shearman, has 
acquired two weeks experience as a shearman. Several months 
later a vacancy exists in the shearman’s position. First chance at 
the vacancy should be given to: 


1. John Jones. 

2. The first helper with the longest departmental service. 

3. First helper with the greatest plant service. 

4. The first helper with the longest service where combined fac- 
tors are relatively equal. 


Questions such as these result in a measwrement—not an 
estimate or a guess—that reveals whether the men who have 
been trained actually have achieved an increased understand- 
ing of company policy and the union contract. 

Questions of this general form may be used in still other 
areas of training to determine the effectiveness of instruction. 
Many industries have in-service training that covers technical 
information or content peculiar to their individual industries. 
The trade of pipe fitting, for example, though many of its 
details are common in various industries, often involves 
certain particular information of a technical nature that is 
required of the pipe fitters in a given industrial plant. If 
training covering this specific technical information has been 
given, it is only reasonable for management to ask whether 


? E. B. Mapel, “Stimulating Employee 
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the training has been effective. This ean be determined by 
such questions as the following, taken from a typical test used 
in a large steel mill: 


The correct pressure to use when unloading an acid tank car is 


(1) 27 (2) 36 (3) 64 (4) 90 pounds. ( ) 
The correct pressure to use when unloading an oil tank car is 
(1) 27 (2) 36 (3)64 (4) 90 pounds. CONS 


Oil and grease must be kept out of a pipe used for explosive 
materials because (1) contaminated gases do not burn so well, (2) 
an explosion will result, (3) it will cause clogging of the burners, (4) 
it makes repair work more difficult. 

City water lines should not be connected to mill water lines 
because (1) this would contaminate the city water, (2) city water is 
more expensive and should be used for drinking only, (3) the chlorine 
in the city water would damage machinery and steel product, (4) 
mill water is under high pressure and this would burst the city water 
lines. ( ) 

The foregoing illustrations will suffice to show that what- 
ever may be the subject matter of industrial training it is 
possible to devise some sort of quantitative method to measure 
its effect. "The measurement may involve any one or several 
of the methods discussed, and in some instances it is, indeed, 
desirable to utilize several to measure the effectiveness of 
training. Management need no longer accept a training 
program on faith or because of someone's flowery statements 
about the presumed value of the program. The application 
of psychological measurement makes it possible to evaluate 
training objectively. "Without such measurement, there is 
no way of knowing whether the training is worth what it costs, 
or, indeed, whether it is worth anything at all. 


Types of Training 


Job training of present employees 


© Modern industry is in a process of continuous technologi- 
cal change. No matter how well an employee may be able 
to do his work today, tomorrow he may find his job so changed 
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that additional training is needed if he is to remain efficient. 
Continuous job training is a necessary corollary of continuous 
technological change. Job training to keep present employ- 
ees efficient on their jobs was formerly conducted by super- 
visors. The ever-increasing complexity of industrial processes 
has caused the supervisor to become less and less able to cope 
with the technical phases of this training." In 1916, nearly 
any handy man with a few tools could do a reasonably satis- 
factory job of repairing his own automobile, even to the point 
of overhauling the motor. But the modern automobile has 
become so complex that a mechanic without specific training 
in the particular adjustments and tolerances recommended 
by the factory is quite unlikely to accomplish anything like a 


satisfactory job of overhauling. This problem has been met - 


by supplying factory-trained mechanics and Specially pre- 
pared manuals, and by offering refresher courses to cover new 
developments. 

Modern industry finds itself in a position similar to that of 
the automobile service station. No longer can any mechan- 
ically minded man be expected to perform satisfactorily in 
the operation of producing units. And no longer is the fore- 
man able to analyze for himself the intricacies of the machines 
and to train new operators without outside help. "This 
situation has resulted in the development of training as a new 
branch of management. The job trainer is essentially a man 
who has been “factory trained" in the maintenance or 
operation, or both, of certain producing units. His job is to 
relay this information by specific training to the employees 
who are to operate these units. ^ Ordinarily the job trainer 
is not responsible for production and often he is responsible 
only indirectly to the foreman or supervisor Who is in direct 
charge of production. In one Sense, he is an “outsider,” 
just as the industrial engineer, the safety expert, and the 
personnel manager are ‘‘outsiders.” But this does not mean 
that he should have little contact with the supervisor. He 
should, indeed, make every effort to develop a co-operative 
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working arrangement with the supervisors of those depart- 
ments in which he is doing training. He is not ordinarily 
allocated for any long period of time to a single department. 
His job is to work as frequently and for as long periods as are 
necessary in various departments as an expert who brings 
technical information and skill to the trainees. 

The effectiveness of a well-organized program of job train- 
ing may be inferred from an inspection of Figure 92, which 
has been discussed previously. In this instance the improve- 
ment in job performance was directly traceable to the activi- 
ties of job trainers who had been assigned to these specific jobs. 

The sources of information for the job trainer himself are 
varied. In some instances it may be desirable for him to 
spend. a period of time in the factory in which the machine 
itself is manufactured. By so doing he often learns many 
things about the operation of the machine that could be 
learned only with great difficulty, if at all, without this 
factory experience. It is often desirable for the job trainer to 
work in close co-operation with the industrial engineering 
department. By motion-study analysis it is often possible 
to change the work pattern so that the actual number of 
motions or complexity of motions in performing the job is 
considerably reduced. In nearly every instance it is advisable 
to have the trainer work as a trainer while he is on this job and 
not partly as a trainer and partly as a producer.) The 
illustration cited in Chapter 9 on the training of inspectors 
typifies the difficulties often experienced when training is 
offered by an employee who also is responsible for certain 
production. Of course fit is often impossible to allocate any 
man or men permanently to the job of training. When the 
training has been completed, the job trainer often returns to 
his former activities, either as a producer or a supervisor.» 
But usually it is advisable for him to function as a trainer 
when he is doing training and as an operator or supervisor 
when he is not doing training, and not attempt to do both 
jobs at the same time. / 
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The value of job training is so great that just prior to and 
during World War II one division of the Office of Production 
Management was maintained specifically to assist industry in 
setting up and administering such training. This organiza- 
tion was known as the Training Within Industry (TWI) 
Division of the Advisory Commission to the Council on 
National Defense. It arranged for the publication and dis- 
tribution of numerous materials, typical of which is the Man- 
ual on Job Instruction’ of the Western Electric Company. 


Job training of new employees 


A great deal has been said in the early part of this book 
concerning the magnitude and signifieance of individual 
differences in employee productivity. It was emphasized 
that these differences are often due to individual differences 
in employee capacity for the job, which is measurable by 
appropriate tests at the time of hiring or placement. But 
it should also be recognized that Undividual differences in 
employee productivity are often due in large part to differ- 
ences in the training that employees have been given. Sea- 
shore has pointed out that at least three basic factors may 
cause individual differences in human abilities. These factors 
are: differences in biological bases of performance, differences 
in the amount of previous training, and differences in the 
particular work methods that are adopted by each individual 
during the learning period. If several new employees are 
started simultaneously upon a new job that is somewhat, 
complex in nature, and if these employees are not given 
identical and standardized instruction in the operations of 
that job, it is quite unlikely that all will be equally skillful 
in adopting the most satisfactory work methods.» It is 
exactly as if a number of persons start simultaneously. without 
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instruction, to learn the operation of a typewriter. Some, if 
not most, persons in this situation will adopt the so-called 
“hunt and peck” system, because this System is easily under- 
stood even without instruction and because it results almost 
at once in some evidence of accomplishment. A few, perhaps, 
who take the trouble to study the nature of the problem and 
thus become familiar with the fact that the touch system 
exists, and who are willing to sacrifice immediate evidence of 
accomplishment in favor of a learning procedure that even- 
tually will result in considerably greater accomplishment, will 
not attempt the hunt-and-peck system at all but will start 
immediately to learn the touch system. After a period of 
time, say three months, those who learn the touch system will 
be many times more able to ee a typewriter in terms of 
both speed and accuracy than those who followed the more 
immediately apparent method of "hunting and pecking.” 
With full recognition of the greater efficiency of the touch 
system, every commercial school supervises the training of 
students in typing so that all are taught the more desirable 
method. To facilitate the instruction, use is made of such 
devices as the blank keyboard to insure adherence to the 
preferred method and to avoid any relapse, even temporarily, 
to an undesirable method. 

{In many ways, performance on an industrial job is similar 
to typing. If employees are placed upon a new job without 
formal instruction in the operation of the job, each will 
adopt a method of work that is determined by (1) his insight 
into what is right and what is wrong, (2) his willingness to 
forego immediate accomplishment for greater later accom- 
plishment, and (3) what he is able to observe of the activities 

` of other employees on the same job.) Management should 
not expect a new employee to have very much of the first 
factor mentioned above, that is, insight into improved work 
methods. Such insight comes only as a result of extended 
study in the field of motion analysis, the use of special equip- 
ment for performing motion analyses, and a considerable 
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amount of specific study of each job. Neither should manage- 
ment expect employees to have very much of the second 
factor mentioned above. Each employee when placed on 
a new job assumes, if he is not instructed otherwise, that he is 
expected to obtain some production immediately upon that 
job. It would often be unwise, if not fatal, for him to attempt, 
to teach himself a method that would result in no production 
for a period of foaz or five weeks, even if it were possible for 
him to do so. "Management, on the other hand, should 
certainly not expect employees to have the time, training, or 
inclination to carry on a prolonged study of the job before 
attempting to achieve some production. For these reasons 
` new employees will, in the vast majority of cases, adopt an 
“inferior method of job performance if they are not subjected 
to'a formal program of instruction. They will use work 
methods, to use Seashore's terminology, that will become 
fixed in the form of work habits that result in generally loy, 
production and ‘that later must be unlearned before proper 
methods can be instituted. - 

This situation can largely be offset by a program of job 
training organized so that every new employee is taught from 
the outset the proper way to.do his job. The job trainer must 
be a man who is thoroughly acquainted with motion study and 
who either has conducted motion studies of the job or has 
available such motion studies from the industrial engineering 
department. He must be a man who is able to teach the 
proper method to the new employees. The ability to teach 
presupposes something more than personal skill which he 
himself may possess. He must be both able aad willing to 
explain the approved methods, be patient while methods are 
being understood and followed, ànd be Willing to devote 
considerable energy to the encouragement of employees during 
those periods in the learning process when little or no improve- 
ment or accomplishment seems apparent to the learners 
themselves. | For example, reference to Figure 19 on page 
18 will show that the average looper in the hosiery industry 
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reaches what is called a plateau in learning from the seventh 
to the twelfth month on the job. During this plateau period 
little if any improvement in production is attained and as a 
result many employees, feeling that they have attained 
the limit of their production and being unsatisfied with their 
earnings, are likely to quit the ‘job. A considerable invest- 


LEARNING TO LOOP 


ACCEPT suggestions from instructor, or from ex- 
perienced operators. 

Assume that you are a learner until the end of the 
full period of six months (960 hrs.), especially dug: 
ing the last half of period try to correct faulty post- 
tion, bad random movements, ete. 
Below is a "looper curve," made from actual experi- 
ences of learners in Melrose. 

Sometime after the 8th week (it may happen as late 
as 12th week) you will reach a “plateau,” or leveling 
off period. This is to be expected. This period is 


Normally this plateau should not last longer than 
four weeks, 

You will find that when you start to leave the pla- 
teau you will probably make greater progress than 
before you reached plateau. 

Try to make a dozen more today than yesterday 
Hold yourself to a goal. 

If work changes during earning period, you may 
lose dozens; do not become discouraged. Also some 
days you will make more than other days; the num- 
ber of dozens will change slightly, but the general 


trend will be upward. 


very IMPORTANT, ev. i though you d t i 
ud Né UNS emt RIN taal lee cake ecl oor goal; a good 
rr 


dozens as fast as before. 


There should be no absence from work during this Operator will greatly exceed the “code.’ 
time especially, On 30 pt., learner will be slower during early weeks, 
Lost time during any part of learning period delays plateau will come later, final dozens less. Confer 


progress. with your foreman, 


f- 


Fic. 99— Training material distributed to new loopers as a part of the training 
program of the Melrose Hosiery Company. (Courtesy of J. D. Boyd, Personnel 
Director, Melrose Hosiery, High Point, N. Carolina.) 


ment is required by the company to bring an employee up to 
this level of performance. If an employee decides to quit 
at this point, the investment is largely wasted. / One of the 
functions of the job trainer, then, is to keep the employees 
on the job until this plateau is passed. To do this requires a 
knowledge of the existence of the plateau and ability to explain 
it to the employees.) 


J 
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One device used by the trainers in a hosiery plant!” 
as an aid in teaching new loopers is illustrated in Figure 99 
and Figure 100. The facts given on these cards, which are 
distributed to the new employees, serve to emphasize a 
number of points that facilitate learning the operation of 
looping. 


PRACTICAL SUGGESTIONS FROM EXPERIENCED OPERATORS 
Establish friendly, congental relations with instructor and fellow workers, Everyone 
wants to help you succeed. Do not try to learn too fast. Be patient. Learn alittle at atime 


WHAT TO DO 

1. POSITION. Try to relax. Some loopers 
urge that you sit erect, feet on floor with 
ankles crossed. Adjust chair to machine 
so that eyes meets points evenly, 

2 HOLDING THE WORK. Hold loosely 
with thumb and index fingers of both 
hands. Some say use as many fingers 
as possible so as to hold lots of stitches 


6. SEE HOW FAST you can pick up a sock 
after one sock is finished. 


7 AFTER LEARNING, time yourself oc- 
casionally by dozens. 
8. FORM THE HABIT, from the beginning, 


of inspecting your own work; at -least 
two sock out of each dozen looped. 


in line that they may be pushed on with 
opposite fingers. The thumb is most im- 
portant. 

3 LEARN THE STITCH FIRST. Learn to 1 
put on stitches while machine is operat- 
ing very slowly. 

4. TURNING CORNER. Be sure to turn the 
first corner right and the last will be 
Okay. Put on about third of sock, then 
turn corner by slipping stitches off with 
thumb and finger until directly in cor- 
ner, then put top stitch over bottom 
stitch. When corner has been turned, 
continue to put on first side, then finish 
back side until complete sock is looped. 

5. KEEP YOUR MIND on your work. 


SOME DON’TS 
Don't force work on, let it slip on "natural- 
y" 


Don't pull up or down, just be sure work is 
on the looping machine points “good.” 
Don't hold work tight; this tires hands. 
Don't worry about how many dozens you 
should make, just keep at it. 
Some say don't change hands when you 
turn corners. 
i Don't put the right aera underneath the 
ooper; this is a waste of time. (Appli 
right-hand loopers.) {pales te 
Don't try to hurry; make speed b worki, 
steadily. "Try to gain some each s ind 
Gossip, bad feelings, emotional ubsets inlerfere with production. Insofar as bossible ever: 
3l vas = yone 
at Melrose wants good, congenial work conditions in the shop, 


Fic. 100—Further training material distributed to new loopers as a part of 
the training program of the Melrose Hosiery Company. (Courtesy of J. D, Boyd, 
Personnel Director, Melrose Hosiery, High Point, N. Carolina.) 


Job analysis for training 


5,5 —On page 28 several types of job analysis were defined. 
One of these is job analysis for training purposes, (In this 
type of job analysis, a specifie statement of steps to follow in 
performing the job is prepared for use of the trainer (either 
job trainer or supervisor). J An example of this type of job 


12 Reproduced with permission of J. D. Boyd, Personnel Di 
Melrose Hosiery Mills. d irector of the 
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INDUSTRY. DEPARTMENT. 


m: PAYROLL. JOBS WITHIN DEPARTMENT 


Drill Press Operator 


PURDUE INDUSTRIAL TRAINING MATERIALS 
DIVISION GF EDUCATION AND APPLIED PAYCHOLORT—PURDUE UNIVERSITY 
TRADR 8 IND, FORM V-HiA3- I 


Fre. 101—Card for listing payroll jobs within the department. (Courtesy of 
C. H. Lawshe, Jr., Purdue University.) 


PAYROLL Jop DRILL PRESS OPERATOR 79.083 


copg T 


INDUSTRY. DEPARTMENT. 


UNIT OPERATIONS PERFORMED 


Start and stop machine J | Ream with pross 
Clean, oil, and care for machine | «| Tar 


Adjust speods and foods Tap with fixture 


Set up work in viso Comterbore and countersink - 
Grind a drill 


i Bet up a drill (chuck, socket) 


through 


Drill with jig 
Drill casting with core drill 


PURDUE INDUSTRIAL TRAINING MATERIALS 
DIVISION OF EDUCATION ANO APPLIED PAYCHOLOGY—PURDUE UNIVERSITY 
TRADE A IN. ronu sisane 


— Fie, 102—Card for listing specific activities of a man on the job. (Courtesy of 
C. H. Lawshe, Jr., Purdue University.) 
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analysis for a specific job is given in Table 21. This example 

is a specific break-down of “What to do” and “How to do 

it" for an operation of the United States Rubber Company. 
A further illustration of materials that may be used effec- 

tively in making a job analysis for training purposes is given 


UNIT OPERATION. 


Rough drill clearance holes through 


PAYROLL. JOB. Drill press operator 


CARD No. 7 
copg6- 78.083 


INDUSTRY. 


-DEPARTMENT. 


OPERATING STEPS 


ESSENTIAL RELATED INFORMATION 


1. Secure material 

2. Secure tools, lay out work 

S. Conter work according to instructions 
4. Fit drill in sleeve 

5. Place drill and sleeve in spindle 

6. Clamp up job in vise or strap clamps 
7. Adjust table 

8. Start machino 

9. Start machine in operation 

10. Lowor drill with hand lever to work 
1l, Contor up work, clamp to table, set stop 
12. Engage sutomatic food, apply coolant 


A» Ponilarise trainoo with shop layout 
B. Explain tool and supply systen 
C. Explanation of shop routing 
D. Safety precautions 
1. Gonoral rules 
2, Machine and accessories whan 
rough drilling 
3. Personal safety 
Be Lubrication of machino 
F. Trade terns 
G. Blue print roading 
He Spoeds and foods 


13. Drill hole through I. Selection of drill 

14. Back up drill 

15. Stop machine 

16, Removo work 

17. Romove drill and sleeve from spindle 

18, Remove drill fram sloove 

19. Clean up press 
p 


PURDUE INDUSTRIAL TRAINING MATERIALS 
omision OF EDUCATION AND APPLIED PEYCHOLOGY — PURDUE UNIVERSITY 
TRADE P INO. FORI 3-13-43-906 


Fra. 103—Card for listing the detailed steps and related information necessary 
for performing each part of the job. (Courtesy of C. H. Lawshe, Jr., Purdue 
University.) 
in Figures 101 to 103. { Three series of these cards are pre- 
pared. On an A Card, illustrated in Figure 101, are listed all 
payroll jobs in the department. For each of these jobs a 
B Card, illustrated in Figure 102, is prepared. On this card 
is listed every operation that is performed by a man on this 
Job. For each operation a C Card, illustrated in Figure 
103, is prepared. When the analysis is complete for any given 
job, there will be as many C Cards for that job as there are 
operations to be performed. The C Cards thus become the 
training manual for the job. A careful use of this kind of 
analysis in training new employees avoids many omissions in 
the training that are almost certain to be made if some 
systematic procedure is not followed. An application of this 


11 


Ji 


nd 
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TABLE 21 


How 
Step What to Do 
1. Advise mill man of first com- 
pound required 


2. Advise take-off crew of type of 
material being processed. 


3. See that correct engraved roll is in 
calender. 


4. Apply heat on all four rolls. 


5. See that all moving parts are free. 


6. Start machine and test safety de- 
vices. 


7. Apply heat on next roll required. 


8. Place cutting bar on calender (if 
running strips or foxing). 


. Adjust boards at back of feed rolls 
#1 and #2. 


o 


TO PREPARE THE STRIP OR FoxiNG CALENDER FOR OPERATION 


How to Do It 
a. Check ticket. 


b. Indicate type and approximate 
quantity of run. 

a. Check list. 

b. Indicate type and approximate 


quantity of run. 
c. Indicate whether boards or rolls will 
be used. 


a. Check list. 
b. The #4 roll is interchangeable to 


obtain correct engraved rubber 
surface. 
c. See breakdown titled “How to 


Change a Calender Roll.” 


a. Be sure couplings are fastened. 

b. Open individual valves for each 
calender roll. 

c. More steam on rolls #3 and #4. 

d. Less steam on rolls #1 and #2. 


a. Be sure static discharges are out of 
way. 

b. Be sure no foreign object is near the 
bite of the calender rolls on the drive 
gears. 


a. Start motor (usually a separate but- 
ton). 

b. Push starting button on central 
panel. 

c. Decrease speed to slowest speed—as 
soon as calender starts. 

d. Pull safety stop cable from both 

sides of machine. 
. Test stop button on control panel. 


. Check ticket. 
Locate next roll on storage rack. 
. Apply heat at storage rack. 


. Check ticket. 

. See that correct cutting bar is in 
place on the calender above roll #6. 

c. See that cutters are in “no cut” 
position, “dog” released and lever 
up. 

a. Set slightly narrower than desired 

width of finished calendered stock. 


SR ASA p 
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TABLE 21— Continued 
Step What to Do How to Do It 


10. See that rolls are clean. 4. Clean surface with gasoline and 
cloth. 
b. Clean excess grease and oil from 
edges of rolls. 
c. Be sure all rubber scrap removed 
from crevices at edges of rolls, 
11. Check to see that calender crew is a 


- Warming mill man has proper stock 
ready for run. 


at correct temperature, 
b. Take-off crew has correct reels or 
boards, 


method of job analysis for a specific operation is given in 
Table 21.18 


(Another type of job analysis for training purposes is 
illustrated by the work of Lindahl," who set up a simple " 
graphic recording apparatus to show the Stroke pattern 


n WAITING ARM MACHINE TABLE Le 


PAPER TAPE 


Fia. 104—Schematie drawing of apparatus used in obtaining graphic records of job 
performance in cutting dises with a foot-operated 


abrasive wheel, 
followed in cutting tungsten discs. 
made use of a rotating abrasive wheel that is lowered by means 
of a foot pedal to cut off a disc. After the disc has been cut, 
the foot pressure is released, the abrasive Pressure is relieved, i 
the abrasive wheel rises, the tungsten rod advances, and the 


The machine studied 


1 By permission of the Personnel and Training Section of the United State: 
Rubber Company, New York, New York. ` 3 n 
14 Lindahl, op. cit. 
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machine is ready for a repetition of the cutting cycle. ; The 
recording apparatus used by Lindahl is illustrated in Figure 
>“ 104. Identification of the various parts of the cutting cycle 


| is shown in Figure 105. 

| The cutting patternsfound 

| at various stages of training 

j in the performance of a typi- 
cal trainee are illustrated in 
Figure 106. ¢ By using this 


simple equipment to show vu 
trainees the specific errors | ——————— ——— — ——— 


CUTTING CYCLE 
TOP REVERSAL. | 
c TIME 
, UP-STROKE) pe 
CLEARANCE 


45 HOURS 


AAS 


~— 


141 HOURS 
| F0LLOW-THROUGH- NNNNNNNNN 
; 
f [BOTTOM REVERSAL. 
a 239 HOURS 
Fic. 105—Identifieation of vari- Fie. 106—Records of performance 
ous parts of the cutting cycle as of a trainee at various stages of his 
shown by the graphic record attained experience on the job. 


* with the apparatus shown in Fig. 104. 


they were making in their cutting cycles, Lindahl was able to 

improve the quantity and quality of work at various stages of 

training, and also to decrease the use of abrasive wheels. » 
—" Other training techniques 


A technique used by the armed forces with great success 
during World War II is the tachistoscopic airplane recognition 
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training. This approach, founded upon the basic work of 
Renshaw,!* involves presentation of stimuli for a very brief 
period (often 4lg of a second or less). By use of this method, 
subjects have been taught to see and identify distinguishing 
features of objects or forms when the “flash” presentations 
are reduced to an exceedingly small fraction of a second. In 
fact, Renshaw found that when trained by this method 
ordinary people rapidly achieve a degree of skill heretofore 
considered genius. The application of this approach to 
aircraft recognition training has been described by Terrell.!5 
Although this method of training has apparently not been 
used extensively in industry, it would seem to offer real 
possibilities for certain types of training, particularly on such 
jobs as inspection for appearance. 

'The use of films, slides, and other visual aids is another 
technique that has been used successfully in certain types of 
industrial training. VanderMeer” reports a study in which 
sound films were used in the training of engine lathe operators. 
He found a significant superiority in the operators trained 
by this method when compared with those trained by tradi- 
tional methods. 

The job trainer has many responsibilities in addition to 
instruction in the specific routine of job performance. 
Often he is the only man with whom the new employees are in 
daily contact. The impressions of the company which they 
form in the early stages of their employment, and which often 
remain with them as long as they remain employees, are often 
largely dependent upon their reactions to the job trainer. 
He must be able to explain company policy to the employees 


158, Renshaw, “The Visual Perception and Reproduction of Forms by 
Tachistoscopie Methods,” Journal of Psychology, XX (1945) pp. 217-232. 

15 C, M. Terrell, Recognition Training in the Army Air Forces,” Military 
Review, Fort Leavenworth, XXIV (1945), pp. 40-43. : 

1 A, W. VanderMeer, “The Economy of Time in Industrial Training: An 
Experimental Study of the Use of Sound Films in the Training of Engine Lathe 
Operators," Journal of Educational Psychology, XXXVI (1945), pp. 65-90. 
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and to give them convincing reasons for the existence of these 
policies. He must be able to explain the wage-payment plan 
in operation and to show why this plan has been adopted by 
the company rather than some other plan which the employees 
might think is fairer. If he finds that certain phases of 
company policy are not in general understood or are not 
accepted by new employees, it is his job to relay this informa- 
tion to the department of industrial relations or to the other 
management men who are responsible for the adoption of the 
policies in question. 

Employee training, as a branch of management, is becom- 
ing so important that many industries have set up as a part 
of their industrial relations department a specific training 


division. 


Supervisory training 


Perhaps no job in industry has undergone such great 
changes during the past twenty years as that of the supervisor 
or foreman. Two decades ago, when a supervisory position 
was to be filled, the best producer in the department was 
usually given the job without regard to his ability (or lack 
of it) in the industrial-relations phases of the supervisory 
position. As a result of this policy the foreman was often 
a ‘bull of the woods.” He hired and fired, set the rates for 
his men, dealt with problems of discipline as he saw fit, was 
responsible for his own quality control, determined methods 
of work, did his own training, and took care of his own main- 
tenance. The emergence and development of scientific 
management gradually took many of these responsibilities 
away from the foreman. Problems of hiring have largely 
been taken over by the personnel department. Responsibil- 
ity for layoff has been assumed by the department of industrial 
relations. Wage rates have been established on a systematic 
basis by means of job evaluation (see pages 374 to 393). 
Problems of discipline have largely been delegated to the 
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department of industrialrelations. Quality control has often 
become so dependent upon the use of technical equipment 
that the creation of an inspection department has been 
necessary. Methods of determining the most efficient layout 
of work have been taken over by motion study specialists 
from the department of industrial engineering. Because of 
the increasing complexity of machinery, a specialized depart- 
ment dealing with the maintenance of equipment has been 
established. And now the training of new employees is 
becoming specialized with job trainers assigned to do work 
that was formerly conducted by supervisors alone. 

Many foremen feel that these changes have gradually 


removed from the supervisor so many of his former duties and . 


responsibilities that the very need for the foreman has almost 
disappeared. But with the removal of many of his former 
responsibilities and duties has come the assignment of many 
new duties with which the foreman was not concerned twenty 
years ago. | The foreman of today must know the law. 
^. Daily, almost hourly, problems arise and decisions must be 
made in which the voice of the foreman is the voice of manage- 
ment. Recent social legislation has made it imperative that 
decisions made by management with respect to such matters 
as layoff, transfer, seniority, hours of work, wages, and a host 
of other matters must conform to certain legal requirements. 
Decisions on such matters must be made by the foreman. 
Often these decisions must be made at once, with no time for 
conferences or for consultation of statements of the law. 
Decisions may involve such problems as hours of work, 
settlement of a grievance, or interpretation of a union contract? 
for determining the seniority of one man over another. Such 
decisions cannot be made by rule of thumb. They must be 
made, always, in the light of written laws, policies, and union 
contracts. The foreman must know these documents and 
their interpretation. : He must be able quickly and accurately 
to size up a situation and outline a course of action that will 


not be in conflict with laws or agreements. A good producer 


) 
f 
| 
| 
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might have made a good supervisor twenty years ago, but 
today the foreman must in addition be something of a lawyer 
and, incidentally, a pretty good one. 

The foreman today must be a statesman who has both 
wisdom and power to act. Disputes were settled easily 
twenty years ago. The rule was simple and easy to learn— 
in any dispute the foreman was right and the employee wrong. 
Today both may be right or both may be wrong, or each may 
be partly right and partly wrong.) A decision reached by 
management today must be made after consideration of all 
angles and the viewpoints of all parties. It is a commonplace 
observation that when authoritarian judgments give way to 
discussion as a means of settling grievances, a degree of 
mutual understanding must be developed by both parties. 
The foreman of today must not boss his men so much as he 
must understand them. He must know why this one becomes 
disgruntled upon slight pretext, why that one is often late to 
work. His job is to help the men help themselves. This is 
particularly true in periods of emergency production when, as 
one foreman put it, ‘“You don't dare bawla man out. If you 
do, he might quit." The foreman of today must know how 
to handle men without making use of a “big stick." Though 
the foreman has seldom studied the subject of psychology, it 
is very important for him to know, if he is to do his job well, 
that the desires and wishes of his men must be both under- 
stood and considered. Without such understanding he 
cannot hope to be a satisfactory supervisor. 

Í / The foreman must look upon the experts in personnel, 
motion study, rate setting, and so on, not as rivals and sub- 
stitutes but as specially trained men who have been assigned 
to help him with his job. He must understand the services 
rmed by these experts and be able to explain these 
The wage incentive plan may be 
installed by an industrial engineer, but it is the foreman, not 
the industrial engineer, who must be able to explain the plan 
to the employees. When an employee cannot figure out why 


perfo 
services to the men.) 
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his pay check came to only $48.60 instead of $48.70, the 
foreman must be able to explain how the figure of $48.60 was 
reached. If he cannot do so, the worker may be disturbed 
out of all proportion to his imagined loss of ten cents. 

| Changes in the job of the supervisor such as those described 
above have made it necessary for management to devote 
considerable time and effort to the training of supervisors. 
Many industries have set up a complete program of super- 
visory training conferences, the purpose of which is to train 
the present supervisors in the newer aspects of their job that 
are developing almost daily and to prepare younger men who 
are to become supervisors. One plan in common use is to 


have every supervisor, or potential supervisor, attend a . 


conference or class on company time for a period of from one 
and a half to two hours at approximately two-week intervals. 
The subject matter covered in such conferences varies con- 
Siderably from plant to plant, and in each case is decided upon 
by management in the light of the needs of t 
A typical list of the subjects covered in one se 
visory conferences is shown in Table 22. 

While many of the topics listed in Table 22 deal with 
matters of production, it will be noted that several are devoted 


to such matters as company policy, industrial relations, 
union contracts, and the services of 


job analysis and insurance. 
It has already been emphasized th 
uring the effectiveness of trainin 
typical method of measuring the 
company policy is illustrated by 
with related true-false questions, 
in Table 23 on pages 280-281. j 
The Joe Blake case (the name is fictitious 
that arose in one plant during one of É 
company poliey. "The answers t 
tions obtained from a group of 
management with a means of 


ries of super- 


at some means of meas- 
g should be employed. A 
effectiveness of training in 


such as the one reproduced 


) is an actual case 
he conferences on 
o the twenty true-false ques- 
supervisors not only furnish 
knowing how well prepared 


he company. 


experts in such fields as 


Supervisory case problems, ' 


95. 
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TABLE 22 
Torres COVERED IN A Serres or Supervisory TRAINING CONFERENCES!’ 
Accident Prevention 
Waste Prevention 
Training for the New Employee 
Re-training of the Present Employees 
Cost of Maintenance 
Cost of Materials Used in Ingot Production 
Incentives (Financial and Non-financial) 
Job Training 
. Stability of Employment 
10. Co-operation 
11. The Cost of a Ton of Steel 
12. Direct Application of a Cost System 
13. Inspection 
14. Recognition of Ideas (old and new) 
15. Transportation (inter and intra) 
16. Methods of Handling Complaints 
17. Plant Protection 
18. Why Condition—Semi-finished Material 
19. Discipline 
20. Proper Methods of Dealing with Men 
21. Product and Machine Innovations 
22. Publication of Management's Policies (uniformity) 
23. The Application of Conference Conclusions E 
24. Job Analysis versus Man Analysis 
25. Service— What is it? 
26 Quality versus Quantity 
27. Seniority 
28, “What’s on the Worker's Mind?" 
29. Collective Bargaining 
30. Unemployment Insurance 


ervisors are to handle this type of problem but also indi- 
cate what areas of company policy should be covered in the 
supervisory training conferences in order to achieve a unified 
understanding of company policy on the part of supervision. 
A series of twenty cases, with twenty true-false questions on 
each case—from which Case 1 was taken—furnishes manage- 
ment with à A00-item true-false test with which to measure 


how much the supervisors know about the administration of 


Ss 
is R. J. Greenly, 


OMNI gM Gu eo tort 


sup 


“Conference Leadership: Report on First Conference 

rs’ Conference, Carnegie-Illinois Steel | Corporation, Gary Works.” 
| o State Board for Vocational Education in Co-operation with the Train- 
ing Division of the Industrial Relations Department, Carnegie-Illinois Steel 


Corporation, ary, Indiana, 1937.) 
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company policy. True-false or objective questionnaires, 
formerly considered purely academic in application, have been 
found to be serviceable as measuring instruments in practical 
industrial training situations. Similar use may be made of 
multiple-choice questions dealing with company policy. 


Apprentice training 


í The training of operators—either old or new employees— 
can ordinarily be carried on as the need for operators arises. 
An immense number—perhaps a large majority—of industrial 
employees are engaged in semiskilled jobs that require an 
intensive but not an extensive period of training. Trainees 
for such jobs can often be prepared in a relatively short, 
period of time—often only two or three weeks. | The training 
of supervisors, on the other hand, requires considerably 
longer. An adequate understanding of the increasingly 
complex duties of the modern supervisor ordinarily requires 
2 several months instructional period. Industries must 
therefore use considerable foresight in anticipating supervisory 
needs so that training programs may be undertaken in 
advance of the actual need for supervisors. 

Another area of industrial training in which still greater 
foresight must ordinarily be exercised is the training of skilled 
tradesmen. This training is usually accomplished by means 
of an apprentice program. Except for college-trained tech- 
nical men there is perhaps no other single group of industrial 
employees who require so extensive a period of training for 
expert performance as do skilled tradesmen. The federal 
committee on apprenticeship training specifies that the 
training period for apprentices shall be not less than 4,000 
hours, and that the shop instruction shall be accompanied by 
not less than 144 hours of instruction under publie authori- 
ties.'? These stipulations reflect the well-substantiated judg- 


19 The National Apprenticeship Program (War Manpower Commission 


Bureau of Training, Apprentice- Training Service, 1943). 
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ment of those experienced in this field that adequate training 
of skilled tradesmen requires an intensive and extensive 
instructional period. These facts make it more necessary 
for industry to look into the future in the training of skilled 
tradesmen than in the training of many other types of indus- 
trial employees. The various details in the administration 
of an apprentice program, together with the contractual 
agreement between the apprentice and the employer, are not 
of primary concern to the technical psychologist, and there- 
fore will not be discussed here. Psychology, however, may 
be definitely applied in the use of aptitude and qualification 
tests for the selection of boys to receive apprentice training. 
While mass production in industry has reduced the proportion 
of employees who must be skilled tradesmen, the design, 
construction, and maintenance of machines has increased so 
much in complexity that a very high level of capacity is 
required 
Figures 5 to 8 in Chapter 1 show that the range of ability 
nts for apprenticeships is large indeed. Any 
program of apprentice training that does not provide an 
adequate means of selecting trainees according to their 
capacity to benefit from the training is likely to result not 
only in a failure to develop expert tradesmen but also in the 
waste of a considerable company investment in the training 
given. Those responsible for the administration of an appren- 
tice program should therefore work in close collaboration with 
the testing division of the personnel office so that trainees will 
be selected who are able to take full advantage of the oppor- 


tunity offered. | 


Other fields or types of training 

A complete industrial training program provides for 
several types of training in addition to those mentioned above. 
Among these is the training of college graduates. It has long 
been recognized that the average college man needs help in 
bridging the gap between the campus and the plant. Every 


among applica 


of the boy who is to become a skilled tradesman. ` 
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industry has specialized equipment, processes, and methods . 


of production that are quite unknown to the college student 
at the time he goes to work. A training program that permits 
him to spend a certain amount of time in each of several 
departments so as to obtain a background of practical experi- 
ence which he can relate to his technical training is an indis- 
pensable part of an adequate training program for newly 
inducted college men. This problem is met to some extent 
by the so-called co-operative systems of higher education in 
which the student alternates between college and industrial 
employment, each activity occupying approximately a six- 
months period. This procedure does not entirely solve the 
problem, however, partly because the co-operative plan is not 
in extensive use and partly because even where practiced it 
acquaints the student only with those industries in which he 
has had his work experience. Plants differ markedly not 
only from one industry to another but even from one plant to 
another in the same industry. Until a student has had an 
opportunity to learn at first hand the production problems of 
the plant in which he is later to work, he cannot be expected 
to be a very valuable member of the organization. Thus, 
special training for college men is nearly always necessary as 
one phase of a training program. 

Related trade training in various forms offered by public- 
School systems is another type of training commonly used by 
industry. With the passage of the Smith-Hughes Act in 
1917 and the George-Deen Act in 1936, certain funds were 
made available to school systems through the state offices of 
education to encourage the development of various forms of 
vocational education. The particular type of edueation or 
training that may be offered by a public-school System can 
usually be determined largely by the needs of local industries, 
if the industrial men responsible for the training are willing 
to work in co-operation with the school officials in organizing 
the courses of study. Under this plan, school systems may 
give in evening and extension classes technical training in 
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areas related to the jobs of men employed by local industrial 
plants. This system not only removes from the industry a 
considerable responsibility in the training of employees in 
newer developments of their work, but also furnishes a 
desirable relationship between the schools and the industries. 
Correspondence courses furnish another type of training 
that is often helpful in keeping employees abreast of their jobs 
and technically prepared to assume more responsible positions. 
However, certain objections to correspondence courses as a 
means of training have been raised. "These courses, though 
usually of considerable value in fields that have been well 
standardized, often do not take into consideration the specific 
needs of any local industrial situation. It is also true, 
unfortunately, that often the employees who elect to take the 
correspondence courses are not the ones who would profit the 
most from them. As Bird and Paterson? have pointed out, 
correspondence schools could be of much greater service if, 
instead of selling a course to anyone, they would select 
students in terms of aptitude and previous training. As it is, 
only 6 per cent of the group of 305 persons investigated by 
Bird and Paterson completed the course which they had 
»c Some Characteristics of Learning 
The problems of industrial training may properly be 
red as a branch of educational psychology or the 
g. A great many investigations dealing 
with the problems of learning have been conducted; from 
these investigations à set of general principles, part of which 
are applicable to the industrial situation, has emerged. 


conside : 
psychology of learnin 


The learning curve 
Almost every psychological investigation of a learning 
activity results, among other things, in the establishment of a 


i . G. Paterson “Commercial Correspondence Courses and 
o a OB eer of Men,” Bulletin of the Employment Stabilization 
eie Tnstitute, University of Minnesota, II (1934), 27 pp. 
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learning curve. Such a learning curve for the operation of 
looping in the hosiery industry is reproduced in Figure 12 
on page 18, and a similar curve is reproduced on a card 
distributed to new employees, as illustrated in Fig. 91. 
Learning curves for the operations of trimming, covering, 
and hemming in the textile industry are reproduced in Figure 
90 on page 251. 

The learning curve for a given operation shows at a glance 
the level of skill that has been reached by the average operator 
after a given period of training or experience on the job. 
Anyone who is responsible for the training of new employees 
on a specific job will find that a learning curve obtained from 
the records of previous employees is of considerable value. 
From such a curve he will be able to see immediately whether 
the progress of an operator is up to standard and, if not, how 
far the performance is below standard at any time in the 
instructional period. He will also be able to detect immedi- 
ately whether an employee is maintaining his former level in 
comparison with the standard curve or is gaining or losing in 
comparison with other employees. In short, he will have a 
basis of comparison by means of which he can evaluate the 
effectiveness of his own instruction and the effectiveness of the 
learning that is being done by the new employees. If an 
employee falls below the curve by a significant amount, and, 
in spite of every effort of the employee or the instructor to 
remedy the situation, continues to lose ground in comparison 
with the curve for the average, it is possible that the employee 
should be transferred to some other job before too much time 
and effort have been wasted in training him. It is even 
desirable, in some instances, to supply each new employee 
with a copy of the learning curve for the job and allow him to 
plot his own curve on the same chart, thus giving him a 
graphic record of his progress from day to day or week to week. 

It should not be inferred from the foregoing discussion that 
there is any generalized form of learning curve that can be 
reduced to a mathematical equation and that applies to all 
learning situations. Many factors determine the form of a 
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learning curve, and these factors vary greatly from one 
situation to another. Since one of these factors is the method 
of training, it is not uncommon to find different learning 
curves for the same industrial operation when different 
methods are involved. Indeed, a comparison of the resultant 
learning curves for different methods of training is an excel- 
lent way to compare the effectiveness of the methods. But 
with the various factors, such as method of training, held as 
constant as possible, a reasonably standardized curve results 
eration for the average person. It is this 
learning curve that the job trainer should have available if he 
is to evaluate adequately the effectiveness of his instruction 
and the progress of the trainees who are under his supervision. 


for a given o 


The plateau 


In learning any complex task it often happens that, after a 


certain level of efficiency has been attained, a period of time 
arrives in which little or no improvement takes place. This 
period is followed by a later increase in skill. The period 
during which no apparent improvement occurs is known as a 
plateau. Plateaus are not always present in the learning 
curves for industrial operations, and when they are present it 
is sometimes possible to eliminate them by changed or 
improved methods of instruction. No matter what method of 
instruetion may be in use, however, arrival at a plateau in the 
learning process often is characteristic of the average learner's 


performance. 
A typical example of à 


in Figure 12 on page 18. 


plateau in a learning curve is shown 
We do not need to concern ourselves 
here with the cause of the plateau, although it might be 
mentioned that a considerable amount of psyehological 
investigation has been devoted to this subject and a number 
of experiments have been made which have identified certain 
factors that may result in à plateau.” If a plateau is charac- 
teristic of the average learning curve of an industrial operation 


P "— $ 
21 W. H. Batson, *t Acquisition of Skill,” Psychological Monographs, XXI 


(1916), PP- 1-92. 
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it is highly important for the job trainer who is supervising 
this training to be aware of the situation. Without such 
knowledge he may feel that his training is inadequate, that 
the trainees have lost interest or that they have reached the 
maximum level of which they are capable and therefore need 
no further training, or that many of the employees should be 
shifted off the job because they are unable to reach the level 
of production achieved by experienced operators. If, on the 
other hand, he is aware of the existence of the plateau, he will 
continue his instruction, encourage the trainees to stay with 
the job until the end of the plateau is reached, and hold in 
abeyance his final judgment of the trainees’ ability until they 
have had an opportunity to benefit from the final spurt in 
production that is certain to follow the plateau if the training 
is continued. 

By analyzing the activities occurring during the plateau 
period it is often possible to modify the training program so 
that the plateau may be partially or entirely eliminated. 
Whether or not the job trainer is able to achieve this result, 
his knowledge of the existence of the plateau, together with 
his awareness of the fact that this situation is by no means 
uncommon in the learning of industrial tasks, will enable him 
to cope with the situation in a more intelligent manner and to 
help tide the employees over a period that, at best, is likely to 
involve a certain amount of discouragement. 


Knowledge of results 


One way in which training may be, and often has been, 
given is briefly to explain the work to the new employees and 
then to “turn them loose,” so to speak, to perform the job 
without systematic or adequate check-up on the quality of 
their work. Another method is to follow the initial instruc- 
tion period by frequent and systematic study of job per- 
formance and to provide a means for informing the trainees 
or new employees in exactly what respects they are doing the 
job correctly or incorrectly. Both experience and experiment 
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have shown that the former method of training individuals in 
any new task results in a considerably lower level of job 
performance than the latter method. This principle was 
first pointed out in connection with the learning of arithmetic 
among the school children. Panlasigui and Knight?? found 
that if children are consistently informed of all errors made in 
arithmetic they show a significantly more rapid improvement 
in learning the arithmetic computations involved than if they 
are given exactly the same sets of drills and are not provided 
with a “knowledge of results." Book and Norvell? found 
the same principle operating in the learning of mental multi- 
plication. In their experiments the persons in the experi- 
mental group watched the record of their progress and 
attempted at each practice to make a higher score than the 
score made previously. Persons in the other, or control, 
group were not informed of their progress. "These results are 
summarized graphically in Figure 107. After the tenth 
practice period the conditions were reversed, so that the 
persons formerly receiving knowledge of results were no 
longer informed of progress. The persons formerly unin- 
formed of accuracy were now given information as to their 
rogr The curves in Figure 107 show that immediately 
progress. 3 d their relative 
after the tenth practice the groups change 
standing. The group that was given knowledge of results 
forged rapidly ahead of the other group. a. 
One need not look long in industry to i situations 
parallel to this experiment. The work of Lindahl* previously 
mentioned is an example of the application of the principle 
of knowledge of results to an industrial learning situation. 
In the investigation of inspectors summarized in Chapter 9 
the accuracy of many inspectors was found to be significantly 


«sui and F. B. Knight, "The Effect of Awareness of Success or 
" H Ri Fe rom Yearbook of the National Society for the Study of Educa- 
Failure," T'wenty-/ Qu. 
"m Dix dir E En “The Will to Learn," Pedagogical Seminary, 
23 Lea ls 
XXIX (1922), pp. 305-362. 
24 Lindahl, op. cit. 
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below that of which they were capable and also below the 
level of accuracy required for satisfactory job performance, 
It was found that the unsatisfactory level of accuracy char. 
acteristic of many employees in this department was traceable 
to the training procedure that had been followed prior to this 
experimental work. The former training method consisted 
implacing each new operator between two older operators who 


23 4567 8 9 1011 12131415 
Number of practices 
Fic. 107—How knowledge of results affects performance in learning a 


new task. 
were asked to instruct the new employee in the details of the 
job. Since each of the older employees had a definite amount 
of work to perform during the day it was only natural that 
they should spend little if any time in training the new 
employee. Indeed, it was found in many instances that the 
older employees resented this additional training load and as 
a result did not give the new employee adequate trainin EM 
the details of the inspection job. This method of training 
resulted in a lack of standardization of inspection practice 
among the employees—many of the inspectors WEES OVER 
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looking certain defects that they were able to detect but which 
they had not been trained to observe. The new training 
program instituted in this department included the assign- 
ment of specific job trainers to the task of teaching new 
employees, so that the latter would be able to develop satis- 
faetory standards of performance without guessing at which 
sheets were satisfactory and which were defective. 

The general principle of job training is that new employees 
will improve very slowly—if, indeed, they improve at all— 
unless they are provided with systematic and accurate infor- 
mation on the quality of their work. Provision for furnishing! 
new employees with definite knowledge of results should be 
an integral part of any training program. 


Motivation 

Ordinarily speaking, people will not learn very much 
about anything unless they are motivated to do so, that is, 
unless they are supplied with an adequate incentive. Incen- 
tives in industry are usually considered under two general 
heads: financial and nonfinancial. Under financial incentives 
are considered those that pertain to methods of wage payment, 
such as an hourly rate versus some form of piece work. One 
of the major problems in industrial management is that of 
deciding upon a wage payment plan that will result in a 
satisfactory level of job performance and at the same time 
will be considered by the employees to be a fair plan. If the 
plan in use does not place a proper premium upon high 
production, it often happens that the employees never 
bother to learn the skill required for a very high level of job 
performance. 

A typical example of this situation is furnished in a study 
by Kitson.” Kitson examined the production records of 40 
hand compositors whose experience ranged from one to 


25 H, D. Kitson, “Extra Incentive Wage Plans from a Psychological View- 
point,” Bulletin American Management Association, Production Executive Series, 


No. IX (1925), p. 7. 
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twenty-seven years, the average being eight years. The 
average output of these employees was 55 units for a week of 
work on a scale of efficiency established by time studies. 
An incentive system of wage payment was installed which 
permitted the employees to earn a bonus for production over 
the previous average amount. Within five months these 
employees were averaging 97 units on the scale and at the end 
of a year the average output had reached 103 units. This 
experiment made it clear that the previous method of wage 
payment did not provide sufficient motivation for these 
employees to learn the skill necessary for high production, 
even though they had been on the job a number of years, 
Incentives are not limited to financial incentives, A 
number of investigators of this subject, for example Lee?e 
and Miles," have stressed the fact that such factors as 
recognition of good work, a fair system of promotion, and job 
security all lead to an attitude of mind on the part of the 


employee that helps develop a desire to learn the job well and’ 


to turn in a satisfactory performance on the job. 


Another aspect of motivation upon which the evidence is 


reasonably clear and convincing is the relative desirability of 
rewards and punishments. "Translated into industrial terms, 
this question raises the issue as to whether a new employee will 
learn faster and better if he is complimented for all good job 
performance or if he is criticized for all poor job performance. 
Since any new employee will do some things correctly and 
other things incorrectly, it is quite possible to use either or 
both of these methods while he is learning the job. Judging 
from a number of related investigations in the field of experi- 
mental psychology, it seems clear that praising satisfactory 
performance is the more desirable method to follow.28 Mod- 


?5 C. A. Lee, “Some Notes on Incentives in Industry," The 


Human Factor, VI 
(1932), pp. 180-186. 
27 G. H. Miles, “Effectiveness of Labour Incentives,” The Human Factor, 
VI (1932), pp. 53-58. 


?5 E, L. Thorndike, Effects of Punishment and Reward (Universivy of Chicago 
Press, 1932). 
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ern industrial practice has largely adopted this point of view, 
primarily because it results in more Satisfactory industrial 
relations.? It is interesting and fortunate that experimental 
studies in psychology substantiate this judgment for the quite 
different reason that praise is superior to criticism as a means 
of inducing the employee to learn. 


Attention to specific features of the job 


All but the simplest of industrial jobs require several 
different types of skill or ability. The stenographer must be 
able not only to take shorthand but also to use a typewriter. 
The inspector is often required to spot certain defects of 
appearance visually, other defects by weight or feel, and 
perhaps still other defects by means of readings taken from 
special instruments. It often happens that the several 
aspects of a job are sufficiently independent of one another 
to necessitate the giving of special training for each. Ref- 
erence to Table 25 on page 305 shows that the intercorrelations 
-between accuracy of inspectors in detecting different kinds of 
defects are in general quite low. This means that the inspec- 
tors who are best in detecting certain defects are not neces- 
sarily better than average In detecting other defects. To 
learn an inspection job efficiently new inspectors cannot 
simply be told to “throw out the defective material.” They 
ins. be given specific instruction in the nature of the defects 
and taught what to look for in each specific case. "Training 


must be specific and to the point instead of haphazard and 


general. 

nsfer of training P 
"3 s training on one industrial job transfer to another 
; Xm ba employee who has been thoroughly trained in 
job? be easier to train in a new operation than an 


eration $ : al 
ps v who has not had this previous training? These 
employ 
»J. J. Jackson: “Reprimanding Employees,” Personnel Journal, XIX 
29 J, J. Jac U 


(1941), pp. 73-80. 
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questions have stimulated a great deal of investigation by 
psychologists. At one time it was felt (with little or no 
experimental evidence to support the feeling) that training 
would develop certain general ‘“‘powers” or “faculties” so 
that a person trained in one kind of activity would be more 
able to do many other kinds of activities in which these 
faculties might be used. It was felt that the memorizing of 
Latin verbs and conjugations would improve one’s memory 
so that he would be better able to memorize insurance 
premium tables or grocery price lists. In industrial terms, 
training in the operation of one machine, it was felt, would 
improve an employee in ability to operate some other machine 
with which he had had no direct experience. 

This notion—the wholesale transfer of training—has been 
subjected to a great deal of experimental work, beginning with 
that of Thorndike and Woodworth. The conclusion reached 
by these early investigators—and substantiated by several 
more recent studies—is that the amount of transfer from one 
skill or mental function to another is far less than was formerly 
believed. Indeed, Thorndike’! has concluded that transfer 
in a general way does not occur at all and that what is often 
regarded as transfer is simply due to identical elements in the 
two jobs under consideration. "These identical elements may 
be aetivities (usually manipulative activities in industry) or 
methods of work. An example of the former would be any 
routine assembly operation that is identical with the operation 
in some other assembly job. An example of the latter would 
be the methods of laying out work that would be similar from 
one job to another in the activities of a motion study or lay 
man. 


The conclusion to be kept in mind is that supervisors 


out 


3» E, L. Thorndike and R. S. Woodworth, “The Influence of Im i 
One Mental Function upon Efficiency of Other Functions,” a 
Review, VIII (1901), pp. 247-261, 384-385, 553-564. 

?1 E, L. Thorndike, “Mental Discipline in High School Studies," 
Educational Psychology, XV (1924), pp. 1-22, 83-08. desi?! Journal gp 
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should not expect more transfer to occur than can be expected 
in terms of definite similarities in the jobs. Because an 
employee has been able to learn and successfully perform one 
job is no guarantee that he will do as well on some unrelated 
job. On a second job he may succeed or he may fail, but his 
performance is neither limited nor determined by his per- 
formance on the first job. 

This principle is recognized by many supervisors and 
personnel men. The frequent shifting of an employee from 
job to job until one is found that he can perform satisfactorily 
indicates that the success of an employee on one job does not 
necessarily indicate his success on another. 


` Negative transfer or interference 


If the individual who has taught himself the ‘‘hunt and 
peck" system on a typewriter decides to learn the touch 
system, he must give up the use of all, or most of, the habits 
he has already formed. It is usually as difficult to break old 
habits as to learn new ones, and sometimes much more 
difficult. Thus, a person who has thoroughly learned the 
wrong way to do a thing before he is taught the right way 
to do it has the flouble task of unlearning old methods and 
learning new ones. 

Unlearning errors is a most wasteful form of learning.?? 
It is not surprising, „therefore, to find experiments showing 
that when learners have previously been taught one method of 
doing a task, they have more difficulty in learning a new 
method than do learners who have had no previous experience 
on the job at all. This principle is known as negative transfer, 
interference, or inhibition. Its application to the industrial 
situation suggests that the time to teach employees the correct 
way to do a job is when they are placed on the job, not after 
they have had a few days or weeks of experience in learning 
incorrect methods. 


32 E, L. Thorndike, E. O. Bregman, J. W. Titon, and E. Woodyard, Adult 
Learning (The Macmillan Company, 1928), p. 18 


9 


Industrial Inspection' 


Neary all industrial products undergo some form of! 


inspection. Sometimes inspection is accomplished by mechan- 
ical or other automatic devices, but often it consists of an 
inspection for appearance and is therefore dependent upon 
the visual and manipulative skills of the inspectors. The 
skills and capacities necessary for accurate inspection may 
be measured by means of certain psychological tests, and the 
training program that is given to new inspectors may also 
function more efficiently if the instruction is organized around 
basic psychological principles of learning. The general funda- 
mentals of testing and training have been discussed in the 
preceding chapters. 

The major purpose of this chapter is to describe certain 
procedures that have been found helpful in the selection and 
training of tin-plate inspectors. It is recognized that the 
specific conclusions reached with regard to this one type ot 
inspection may not apply directly to inspection of other 
products; but the methods described, which have been found 
to result in definite improvement both in the selection and 
training of these inspectors, apply with very little modifica- 
tion to the problems of selecting and training employees for 
any inspection job. It should be emphasized that the present 
discussion deals with methods. Application of these methods 
to tin-plate inspection has been chosen as a means of describ- 


1 This chapter is based largely upon data previously published by J 
Tiffin and H. B. Rogers, “The Selection and Training of Inspectors,” pire 
XVIII (1941), pp. 14-31. . ] 1 
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ing these methods because several years of first-hand experi- 
ence in their application on this job have given direct evidence 
of their practicability. 

The job of tin-plate inspecting, ordinarily called assorting 
is essentially an inspection for appearance that is made xls 
the inspector turns the sheets of tin plate from one stack to 
another. As the sheet is turned, the inspector makes a 
decision from the appearance and feel of the sheet as to 
whether it is a prime or a second or contains one of a number 
of possible defects. The standard size sheet is approximately 
28 by 30 inches, though this varies with the specific order. 
In the plant studied, the work is done by women assorters. 

Supervisors have generally felt that inspectors on this job 
do not reach their maximum performance until they have had 
approximately six months of experience. The inspectors are 
ight and uniform hourly rate. At the time of 


paid on a stral 
these experiments approximately 300 girls were employed in 


this operation. 
Measuring the Accuracy of Inspectors 


In many production jobs it is possible to determine the 
relative efficiency of a group of employees from records of 
production or earnings. Likewise, in some inspection jobs a 
reinspection of samples of material is often used to check the 
accuracy of the original inspectors. On the inspection job of 
the present study, however, neither of these indications of 
employee efficiency was available. The inspectors were paid 
on a straight hourly rate and the mechanics of wrapping and 
shipping made it impractical to reinspect samples of the 
material. 

Tt was therefore necessary to devise a method of measuring 
the accuracy of the present inspectors. Since this problem 
often arises in an inspection department, we will give a fairly 
detailed description of the method used. This method 
resulted in a criterion of job performance that was used later 
in the investigation. e 
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After considerable preliminary experimentation, à coded 
stack of tin plate containing 150 sheets was assembled. This 
stack was assorted (inspected) by 150 operators. This coded 
stack was made up of 61 prime sheets (sheets satisfactory in 
every respect) and second sheets (sheets containing a minor 
surface blemish or uneven coating of tin), 30 sheets containing 
appearance defect No. 1, 26 sheets containing appearance 
defect No. 2, 13 sheets containing appearance defect No. 3, 
and 20 sheets containing a weight defect. The prime and 
second sheets were included in a Single category for the 
purpose of the experiment because with repeated assortings 
the prime sheets tend to become scratched and thus to become 
seconds. The other defective plates included in the coded 
stack remained the same regardless of the number of times the 
stack was assorted. e 

The defects will be referred to by number rather than by 
name because it is the method of measuring the securaey of 
the inspectors rather than their accuracy on specific defects 
that is of primary importance. 

Each sheet included in the coded stack was carefully 
selected in advance and was known definitely to be either a 
prime or a second, or to contain 04e of the defects selected 
for study. 'The 150 sheets were numbered in random 
sequence. As the inspectors assorted the sheets, they called 
aloud their judgment of each sheet as to whether it was a 
prime or a second or contained one of the defects, and, if so, 
which one. 

As each operator assorted the 150 sheets her judgments 
were recorded by an observer. She was also timed with 
stop watch. This procedure resulted in data from which it 
was possible to determine both the speed and the accuracy 
of the assorters studied. ' 

The coded stack was scored for each girl according to the 
total accuracy on the 150 sheets and also for the accuracy on 
the specific defects. This procedure resulted in five specific 
measurements of accuracy for each girl. It also resulted in a 
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measurement of the reliability of each of the five methods of 
scoring the coded stack test. The five resulting measure- 
ments with their respective reliabilities are summarized in 


Table 24. 
TABLE 24 


Tue Five MEASŪREMENTS OF AccuRACY YIELDED BY THE .CODED STACK, 
WITH THE RELIABILITY OF EACH 
Method of Scoring Reliability 
A E A E Tra A EEE P EEEN .90 
3 Appearance defect No. 1. j 
Appearance defect No. 2. 
Appearance defect No. 3. 
a E E E N E 


The retiability. figures given in Table 24 were obtained by 
correlating correct inspections on odd versus even items for 
each defect, as described on page 64. The reliability indicates 
the extent»to which repeated or duplicate measurements of 

each girl by means of the coded stack test would result in the 
same score fer her for the defects in question. If repeated 
measurements would give exactly the same score to all of the 
girls on repetition of a given test, the reliability of that test 
would be +1.00. If, on the other hand, the present scores 
given to the girls were entirely the result of chance and would, 
therefore, bear no relation at all fb repeated measurements 
on the coded stacketest, the reliability would be .00. It may 
be seen from Table 24 that the reliabilities vary from .68 to 
.90. While these reliabilities are not so high as might be 
desired, they compare favorably with the reliabilities of. many 
other industrial criteria. that. have been used to measure the 
successfulness of employees. * 

As the inspectors assorted the coded stack; they were 
allowed to set their own speed or rate of inspection, This 
procedure resulted in'very great differences in speed. The 
time required for the various girls varied from eight to forty- 
eight minutes. It was first thought that this. uncontrolled 
time factor would be a marked handicap to this method of 
measuring inspector accuracy. . After careful consideration, 
however, it was thought best to retain an indefinite time limit 
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procedure because only under such circumstances would it be 
possible to determine for each girl the maximum accuracy 
of which she was capable. In other words, the coded stack 
test was deliberately given under conditions that would cause 
every girl to bring to bear every bit of inspecting knowledge 
she had and that therefore would allow her to reach a level of 
accuracy that was close to, if not equal to, the maximum 
accuracy of which she was capable. 

The results of the coded stack test as administered to the 
150 girls are summarized in graphic form in Figure 108. The 
six curves shown in this figure are frequency distributions 
obtained from the 150 inspectors. 

The time curve in the upper left-hand corner indicates the 
number of girls completing the 150 sheets of tin plate in each 
of the times specified along the base line. The most rapid 
assorter, it will be noted, completed the test in 8 minutes, 
whereas the slowest required 48 minutes 
highest over the region of 14 to 21 minutes, indicating that a 
plurality of the girls required between 14 and 21 minutes to 
assort the 150 sheets under the conditions of the test. The 
average time required, as indicated in Figure 108, is 20.1 
minutes. 

In the curve immediately below this, the ordinate again 
represents the number of girls and the base line represents the 
percentage of accuracy for the entire stack of 150 sheets. 
The average accuracy for the 150 sheets under the conditions 
of this test was, as shown in F; igure 108, 78.5 per cent. This 
does not mean that the accuracy of these assorters in a no 
assorting situation is only 78.5 per cent. 
required to inspect the coded Stack is 
required in a normal assorting situati 
defective plates of various types are inclu 
are found in the run of the mill and the 
not included in any Sequence or groupings. The test as given 
measures differences among the girls in their skill on this job 


but probably gives to each girl a somewhat lower score, that 


rmal 
The assorting skill 
greater than that 
on, because more 
ded in the test than 
defective plates were 


- The curve is 


-— 
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is, a poorer accuracy, than she customarily reaches in routine 
daily assorting. 

The remaining four curves in Figure 108 give similar 
distributions for the four specific defects studied. Figure 108 
shows, among other things, that for the four defects studied 
the average inspector is most accurate on appearance defect 
No. 2 (75.5 per cent), and least accurate on appearance defect 


AVERAGE AVERAGE 
20.1 73.4 
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MINUTES TO INSPECT 150 SHEETS PER CENT ACCURACY ON WEIGHT DEFECT 
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NUMBER OF INSPECTORS 
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Fra. 108— Distributions of results on a codes stack test of 150 tin-plate inspectors. 
No. 3 (35.1 per cent). The data also show a great variation 
among the various girls in their accuracy on any specific 
type of defect. For example, 8 girls out of the 150 detected 
only 5 per cent of appearance defect No. 3, whereas one girl 
spotted 95 per cent of the sheets containing this defect. 
There is nearly as wide a variation in accuracy for the other 
four defects studied. 

Inspection of Figure 108 also reveals that the amount of 
;ariation among the girls, that is, the range from the poorest 
% the best, is smaller for the curve representing total accuracy 
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than for the several curves representing accuracy on specific 
defects. The reason for this is that only a slight Pélationship 
exists between accuracy in detecting any one defect and 
accuracy in detecting other defects. Thus, if a girl is far 
above average in detecting one defect she is likely to be at 
average, or possibly below average, in detecting other defects 
This fact tends to give scores for the total 150 sheets of mixed 
plate more nearly alike than are the scores for the : 
individual defects. OIIOUS 
It will be noticed that the average accuracy on mixed plat; 
is higher than the accuracy on any specific defect; n 
difference is due to the fact that a majority of the h » 
included in the coded stack were primes or Seconds nde inem 
the acceptable sheets were seldom called defective. wh. dee 
the defective sheets were frequently called primes a se a. 
In other words, there was a tendency to overlook the pros E 
Hence, the accuracy for the total Stack, which CN M 
majority of primes and seconds, and a minority of dad S 
sheets, was found to be higher than the accuracy o ctive 
specific defect studied. eb: 
The next question investigated was the relation betw 
speed and accuracy in detecting the different types of def =] 
The results for this part of the investigation are cimi 
in graphie form by the curves in Figure 109. Each of i 
_curves in this figure is a logarithmic curve of best fit? ori. 
senting the relationship between speed and accuracy. D 
equations of the curves shown in Figure 109 are as follows: à 


Percentage accuracy on appearance defect 1 = 24.0 + 33.2] š 

Percentage accuracy on appearance defect 2 = 55.5 -+ 19.5 ena iei 
Percentage accuracy on appearance defect 3 = 9.4 +28.4 loda RER 
Percentage accuracy on weight defects z79 7-4 5.6 Jogo (Une pp 


In using these equations, it should be remembered that 
the word "Time" refers to the number of minutes used a 
assorting 150 sheets. It is understood that the Percentages 

s 


2 The curves were fitted according to the mathematica] criterion of 
squares. of least 
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of accuracy that the equations yield are for the conditions 
under which the coded stack test was given. 

It is interesting to note that in detecting off-weight sheets 
the accuracy is about the same whether the test is completed 
in 10 minutes or in 40 minutes. In other words, accuracy in 
detecting off-weight sheets for the 150 girls tested is not 
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Fre. 109— Relationships between speed of inspection and accuracy 
in detecting four defects. 


appreciably affected by speed of inspecting within the time 
limits found for these girls. To some extent the same general 
situation is true for appearance defect 2, although in detecting 
this defect we note a beginning tendency for accuracy to 
decrease with increased speed. This tendency is still more 
pronounced in the case of appearance defects 1 and 3. For 
ample, we find that when the stack is assorted in 10 minutes, 
T 


i 
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only 20 per cent of the sheets containing appearance defect 
No. 3 are spotted and only 35 per cent of those containing 
appearance defect No. 1. . 

On many inspection jobs, certain defects may be spotted 
equally well at either fast or slow rates of inspection, but other 
defects cannot be spotted with satisfactory accuracy above a 
certain inspection speed. These curves clearly reveal this 
situation for this inspection job. Defects of weight are noted 
almost as well when the 150 pieces are inspected in 10 minutes 
as they are when 40 minutes are used to inspect this number of 
sheets. It is important for the head of an inspection depart- 
ment to know how accuracy is affected by varying speed. 
When he possesses this information he is more able to set the 
speed of inspection so as to achieve satisfactory quality with- 
out wasting time in overcareful inspection. 

The coded stack used in this study furnished not only a 
means of measuring the accuracy of the inspectors but also 
data from which the relationships between speed and accuracy 
plotted in Figure 109 were determined. 


The Determination of Tests for the Placement of Inspectors 


The tests selected for tryout consisted of a series of vision 
tests, the Minnesota Rate of Manipulation Test,‘ the Purdue - 
Hand Precision Test,’ and, in addition, measurements of 
reaction time, strength of grip, height, weight, and age. 

Table 25 summarizes the interrelations of the several 
tests in terms of the correlations? between them. According 
to the technique used for computing these correlations, the 
maximum value the figure theoretically could reach is + 1.00. 
This value would be reached in the case of a perfect positive 
relationship between the two variables under consideration. 


? See page 185, 

4 See Table 13 on page 133, 

5 See page 128 

* The correlations in Table 25 are product mo t i t 
as described in Appendix A, page sn Mc 


- 
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The minimum figure the correlation could reach is — 1.00, 
which would represent a perfect negative relationship. 

The first figure mentioned in the table, it will be noted, is 
—.49, which indicates the relation between speed and accu- 
racy on mixed plate. This figure means that there is a tend- 
ency for those who are above average in speed to be below 


TABLE 25 
CORRELATIONS or Test ResuLTs or 150 Tix PLATE INSPECTORS 
: -ag |Appear-;|Appear-|Appear-|,.. . 
Speed M ized | ance | ance thee Weight 
sheets ldefect 1 defect 2|defect 3| defect 

Mixed sheets............. —.49 
Appearance defect, 1 | —.42 | 4.80 
Appearance defect, 2 —.49 | +.68 | +.24 
Appearance defect 3. —.36 | +.58 | +.35 | +.21 
Weight defect —.05 | +.29 | +.22 | +.02] +.12 
Visual acuity (distance)...} —.26 | +.22 | --.28 | --.16 | +.19 +.02 
Visual acuity (near)....... .00 | +.09 | +.08 | +.13 | +.15 | —.10 
Vertical balance of the eyes | —.43 | +.03 | +.25 | —.13 | --.08 | +.01 
A n ox wainacwn axe oie —.07 | +.21 | +.05 | +.02 | +.10 | +.13 
Weight —.20 | +.25 | +.09 | +.14] +.04 | —.05 
Age....... —.11| —.16 | —.09 | +.03 | —.12 | —.21 
Experienee.... +.05 | —.05 | —.07 -00 | +.06 | —.16 
Strength of grip. .........| +.02 | +.17] —.05 | +.19 | —.07 | +.14 
Minnesota Rate of Manipu- 

J&tión8; .- s es e| +.01 | 4.96 | —.10 | —.03 | 47.03 | +.14 
Speed of Reaction... e| —.02 | 4.12] 4.05 | +.10 | —.07 | +.03 
Purdue Hand Precision....| +.05 | —.13 | -- 06 | +.12 | +.01 | +.34 

I d 


average in accuracy, and vice versa. It will be noted further 
that the correlations between speed and accuracy for the 
various specific defects are all negative and that the amount of 
negative relation between speed and accuracy on off-weight 
plate is the smallest found in the group. The intercorrela- 
tions between accuracy for the various specific defects are all 


small, the largest being only 4.35. This finding substan- 


ates the statement previously made that there is no decided 
Lodmcr for girls who are above average in detecting one 
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type of defect to be above average in detecting other types of 
defects. 

The general conclusion that may be drawn from the 
correlations between the vision tests and the specific ways of 
scoring the coded stack is that the vision tests clearly tend to 
pick the girls who are the most accurate on the job. Although 
two correlations are slightly negative, the remaining thirteen 
are positive. The distance visual acuity test gave the 
highest positive correlations with accuracy in detecting all 
three appearance defects. 

Table 25 also shows correlations between accuracy, as 
revealed by the coded stack test, and the height, weight, age, 
and experience of the operators. It will be noted that the 
taller girls tend slightly to be somewhat slower than the 
shorter girls (correlation between height and speed is —.07). 
Taller girls, however, tend to be more accurate on the several 
phases of the coded stack test, as indicated by the fact that 
the remaining correlations in this row are all positive. Like- 
wise, in considering body weight we note that the heavier 
girls are somewhat slower but more accurate on everything 
but the off-weight sheets. "The older girls, however, are not 
only slower but less aceurate on everything but appearance 
defect 2. The more experienced girls are slightly faster but 
less accurate on nearly every defect. 

Correlations between the remaining tests and the various 
ways of scoring the coded stack are given in the last four rows 
of Table 25. While the correlations shown in the remaining 
rows are somewhat inconsistent, at least one value is high 
enough to indieate a definite and real relationship. This 
value is the correlation of +.34 between the Purdue Hand 
Precision Test, and accuracy in detecting off-weight plate. 
The hand precision test is recommended, therefore, for inclu- 
sion in a battery of employee placement tests as ae in 
the last section of this chapter. 

The student may wonder why 


correlatio: 
included in Table ns have, bonn 


25 that are so low that no appreciable 
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relationships are indicated. The reason for including these 
low correlations in this table is to emphasize again the fact: 
that in setting up any battery of employee tests it ic always 
necessary to start with more tests than one expects finally to 
retain. Many of one's guesses are likely to be wrong. In the 
present experiments, the tests that were found of no value 
were strength of grip, Minnesota Rate of Manipulations, and 
reaction time. These represent the bad guesses in finding 
aptitude tests for the job. However, it should not be 
assumed that these tests are generally of no value, for they 
might be the very ones to ‘‘come through” best on some other 
job. ` 

The following general conclusions from the test results will 
give some indication of the kind of results such a procedure 
may yield: 

1. By means of a coded stack of material, it is possible to 
measure the accuracy of inspectors. 

2. These measurements reveal whether any relationship 
exists between speed and accuracy of inspection, and, if so, 
how much relationship. 

3. Results of this procedure also reveal whether a good 
inspector is accurate on all types of defect or more accurate 
on some defects than on others. Such information is of value 
in training or re-training inspectors. 

4. The procedure also reveals which defects are most 
difficult for inspectors to detect. This information is also of 
value in a training program. 

5. A battery of vision tests was found to be of importance 
in placing persons on this job of inspection for appearance. 
It is probable that the same tests would be of value in placing 
employees on any other job of inspection for appearance. 


A Battery of Placement Tests for the Inspectors 


A study of the correlations shown in Table 25 resulted 
jn the setting up of four qualifications that a girl must meet 
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before being trained as a tin-plate inspector. "These require- 
ments were: . . 
1. Pass the near and far visual acuity tests and the 
vertical balance test. 
2. Be at least 5 feet 2 inches tall. 
3. Weigh at least 118 pounds. - 
4. Score not over 2.00 on the Purdue Hand Precision Test. 
(See page 128.) aa 
An indication of the effect of placing inspectors upon the 
basis of these recommendations may be seen from Table 26, 
which is based upon data gathered in this investigation. 
TABLE 26 
.A Comparison or THE JOB PERFORMANCE OF 150 INSPECTORS SELECTED AT 


RANDOM WITH THE JoB PERFORMANCE OF 28 Inspectors WHo Mer 
Four Basic REQUIREMENTS 


Average Average of 28 Difference 
- of all inspectors who met in favor 
150 in- qualifications of inspectors 
spectors on four tests passing tests 
‘Time to assort 150 sheets 20.1 min. 21.1 min. 5% slower 
ceuracy on mixed sheets 78.5 05 81 7% 4.1% more accurate 
ecuracy on appearance 
BUD Eiaa vett uvas 59.3% 68.4% 15.3% more accurate 
Accuracy on appearance 
BEES D. cam ays aps, xiv ars 5% 83.1% 10.1% more accurate 


Accuracy on 


defect 3... 5.1% 38.0% 8.3% more accurate 
Accuracy on weight defect 73.4% 76.4% 4.1% more accurate 


The inspectors meeting the qualifications, though 5 per 
cent slower on the coded stack, were from 4 per cent to 15 per 
cent more accurate in detecting the several defects. It might 
be suspected that, since the inspectors in the qualifying group 
were slower by 5 per cent on the coded stack than the average 
of all inspectors, the greater accuracy of this group is simply 
a reflection of this slower speed. However, reference to the. 
equations showing the relation between s 
(see page 302) and the curves of these e 
Figure 109, shows that the speed differe 
for a maximum of only 1.8 per cent di 
This result may be found by solving the 
age of accuracy on appearance defect, 


peed and accuracy 
quations, plotted in 
ntial would account 
fference in accuracy... 
equation for percent- | 


using a time value of? 
ý 


— 
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‘20.1 minutes, and then solving this equation again using a 


time value of 21.1. The solutions will yield accuracy per- 
centages, respectively, of 60.5 per cent and 61.6 per cent. 
The difference between these two percentages, 1.1 per cent, 
divided by the percentage 60.5 per cent, gives a percentage 
difference of 1.8 per cent. This difference is considerably less 
than the difference in accuracy on any one of the defects. 
It seems conclusive, therefore, that the greater accuracy of 
the qualifying group is due primarily to the visual and other 
test characteristics of this group, rather than to the fac b that 
they inspected at a slightly slower speed than the average of 
all inspectors studied. 


Relation between Psychological and Motion Study Analysis 
of the Job 


The discussion thus far has dealt chiefly with the statistical - 
analysis of the data obtained from supervised tests on the 
coded stack and from various psychological tests. It seemed 
desirable to check these results with records of perform. 
under actual shop conditions, and for this purpose micromot 
studies of representative operators were made. 

Motion pictures were taken, at 1,000 frames per minute, 
of twelve inspectors selected from those who had taken the 
coded stack test. In this group were two who had been rated 
fast and accurate, two rated fast but inaccurate, two rated 
slow and accurate, two rated slow and inaccurate, and four 
rated average in both speed and accuracy according to the 
test stack data. "The pictures were taken in the shop under 
normal working conditions, and because of the general noise 
and shop activity, the operators were not aware of the exact 
moment at which the pictures were taken. 

Obviously the pictures did not reveal the accuracy with 
which the inspector detected the defects. However, they 
did show the normal speed of the operator, the relative body 
activity or exertion, the various methods used in grasping and 
moving the sheets, and the disturbance in the rhythm when- 
ever a defective sheet was found. In general the speeds 
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indicated by the analysis of these films correlated fairly well 
with the speeds indicated by the test stack. 

The pictures were analyzed in an attempt to detect 
individual motion characteristies that might indicate causes 
for differences in accuracy. Since the detection of all but one 
class of defects depends upon vision, the eye fixations were 
plotted in relation to the positions of the hands and the posi- 
tions of the sheet. 

In the normal handling of the sheets the several stacks of 
sheets that have not been inspected, the sheets of first quality, 
those of second quality, and those containing various types of 
defects are aligned along a bench. The operator picks up a 
new sheet from the pile at her left and turns it over toward 
the right onto the adjacent pile of first-quality sheets where it 
normally remains. If a defect is discovered, the sheet is 
moved to the proper pile farther along the bench. 

For most of the operators it was found that the eyes tend 
to follow the movements of the hands. Thus as the hands 

move toward the left to grasp a new sheet, the eyes attempt 
to scan the full top surface of the sheet within the very short 
period of time required for the grasp. As the sheet is picked 
up and turned over onto the adjacent stack, the eyes tend to 
follow the movement of the sheet which, in the upright 
position, presents only one edge toward the eyes. As the 
sheet approaches the right-hand stack, the eyes attempt to 
scan completely the second surface of the sheet; but as the 
release period is very short in duration, the scanning period is 
likewise very brief. 

In this sequence, the eyes are attempting to see an object 
that is almost continually in motion, and it was found that 
the operators who most nearly followed this pattern had the 
lowest accuracy ratings in the test-stack data. This result 

is logical since it is more difficult to See a Moving object and 


the continual attempt to do so reduces the accuracy of the 
operator. 


On the other hand, the accuracy 


! ratings were higher for 
those inspectors whose eye movem 


ents were more nearly 


———— 
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opposite the sequence described above. For example, the 
inspector mentioned above, who was both fast and accurate 
according to the films and actual production records, used the 
following cycle of eye movements: As the hands moved to 
the left to pick up a new sheet, the eyes were scanning the 
second side of the previous sheet. The fact that this previous 
sheet was not in motion contributed to the ease of seeing 
possible defects, and the scanning period was increased to 
include nearly the full handling time of the next sheet. 
When the next sheet approached the second pile to the right 
of the operator, the eyes quickly shifted toward the left, to 
the first side of the top sheet on the new pile where the scan- 
ning period included the time for disposal of the previous sheet 
(see Figure 110). 

In this second cycle of eye movements, the eyes move 
quickly from one motionless object to the other and thus gain 
greatly increased scanning periods for detecting the defects. 
Accuracy data both from the test stacks and from production 
records correlated very closely with the eye-movement 
patterns of the twelve inspectors thus analyzed. 

It has been demonstrated experimentally that the eyes. 
can see a motionless object more accurately than one that is in 
motion, and the longer the scanning period, the greater the 
opportunity to observe defects. If the increased scanning 
periods are longer than necessary for effective inspection, the 
operator tends to handle the sheets faster. It is logical, 
therefore, that the girl who, accidentally or otherwise, has 
acquired this improved routine shall be both fast and accurate. 

This cycle is opposite the more natural cycle of following 
the hands with the eyes; but as in many other operations, the 
natural way is not necessarily the best way. This less nat- 
ural, but more effective, co-ordination of the eyes and hands 
is simple to learn, but because it is less natural, its technique 
must be explained and taught to the operator along with the 
other requirements of the job. This technique might be 
classed as one of the ‘‘tricks of the trade" not readily dis- 
covered without adequate instruction. 


1 ä , THIS LEARNED WAY 
THE P WAY IS RIGHT 
i} 


sheet movements and eye-movement patterns in inspect- 
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Fig. 1 10—Sequence of 
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The Training of Inspectors i 

Several specific needs for training were revealed by the 
experimentation described above. In the first place, the accu- 
racy of inspectors on the job was found to be far from the 
level of satisfactory performance that management considered 
desirable. Reference to Figure 108 shows that, in the case 
of some of the defects, an appreciable number of the present 
employees were unable to spot over 10 or 20 per cent of the 
defective material. The relationship discovered between 


„accuracy and visual capability resulted first of all in the 


recommendation that those girls low in accuracy on defects 
of appearance immediately see an eye specialist. Subsequent 
study of the inspectors in the plant revealed that those girls 
who had received professional eye care that improved their 
performance on the vision tests were doing a more satisfactory 
job of inspection than those girls who still were unable to pass 
all of the vision tests. 

A second effort made to upgrade the performance of 
employees on the job consisted of a series of inspectors' 
conferences. The inspectors were brought into conference in 
groups of approximately 20, on company time. The first 
thing done in each of these conferences was to pass out a slip 
to each girl on which was printed her accuracy on the coded 
stack as a whole and on each of the four specific defects 
studied. This information gave each girl a clear indication 
of her weak as well as her strong points and resulted, in most 
cases, in a definite desire on her part to improve her level of 
performance. The fact that little correlation was revealed 
between accuracy on the different kinds of defects resulted 
in the fortunate circumstance that a girl who was very low in 
accuracy on one defect, or possibly even two defects, was 
likely to be average, or even above average, in accuracy on 


ing tin plate. In the “‘ Natural” way the eyes follow moving objects. _The inspector 
thus sees the full sheet only in steps 1 and 5; she tries to see it while it is in motion 
in steps 2 and 4; she sees only the edge in step 3; and merely watches her hands in 
In the Right Way, which must be learned, the inspector sees a motionless 


een. This way nearly doubles the available inspection time, 


sheet during all 6 steps. 
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the other defects. This fact, coupled with the further fact 
that most of the girls were low in accuracy on at least one 
defect, prevented any employee from feeling that she had 
been singled out because of her low-quality work. Each 
inspector attended two of these training conferences, which 
lasted an hour and a half each and were separated by a period 
of two weeks. 'The time was spent in thorough discussion 
and demonstration of the various kinds of defects found in tin 
plate. The demonstration also included a review of the 
micromotion films and an explanation of differences between 
the patterns of eye movements with respect to the moving. 
sheet. The films illustrated these eye-movement patterns 
and provided a means of teaching the most effective sequence 
of visual fixations. General improvement in performance 
following these conferences was noted. 

The second innovation in training procedures that 
directly resulted from this investigation dealt with the training 
of new employees. The procedure followed in the past 
consisted in placing a new girl between two ‘experienced 
inspectors. The expectation was that new employees would 
be able to ask questions of the more experienced employees, 
The actual results indicated that this procedure had not 
resulted in adequate training of new inspectors. Since 
hindsight is often better than foresight, it was easy to con- 
clude after the investigation that experienced operators do 
not wish to be bothered with stopping frequently to answer 
the questions of a new girl. This knowledge resulted in each 
new employee finally setting up her own methods and stand- 
ards of performance. It is not surprising that under such 
circumstances the standards varied markedly among the 
employees on the job. 

The new procedure consisted in assigning an experienced 
and capable inspector as an instructor to each group of four 
new employees. The old employee was taken off the job of 


7 This procedure has been Suggested by J. H. M; 


3 p itchell, “Subjective Standards 
i Inspection for Appearance,” The Human Factor 
39. 


; London, IX (1935), pp. 235- 
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inspection, and since she had no assigned inspection work to 
perform she was able to devote all of her time to instruction 
of the new employees. This procedure resulted not only in 
much more uniform standards of inspection among the newer 
employees than had heretofore existed but also in a marked 
reduction of the time necessary for bringing a new girl up to a 
satisfactory level of performance. As the newer girl became 
more adjusted to the job, less and less time of the instructor 
was called for; and after a certain level of efficiency was 
reached, the instructor automatically resumed her former 
work. Under this system the older employees assigned as 
instructors took considerable pride in the fact that they had 
been selected for the job of breaking in the newer inspec- 
tors, and the method was favorably received both by the 
older employees and the newer employees, as well as by the 
management. 

The general conclusions from this work are that if adequate 
inspectors are to be obtained they must be selected with 
scientific precision and trained with corresponding thorough- 
ness. No amount of desire on the part of a new employee to 
be a good inspector will result in satisfactory job performance 
if the employee does not have the visual qualifications, the 
necessary eye-hand co-ordination, or the physical stamina 
that experiments show to be necessary for the job. And in 
like manner, no amount of qualification for the job will result 
in satisfactory performance when a systematic training 
program covering standards and procedures as well as “‘tricks 
of the trade" is lacking. 


Inspection with Precision Instruments 
A further illustration of the application of psychological 
methods in the field of inspection may be found in a study of 


precision instrument inspection.? 
Modern industrial production is becoming more and more 


5 C. H. Lawshe and Joseph Tiffin, “The Accuracy of Precision Instrument 
Measurement in Industrial Inspection,” Journal of Applied Psychology, XXIX 


(1945), pp. 413-419. 
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dependent upon the accuracy of this type of inspection. 
Virtually every precision instrument calls upon the operator 
to exercise judgment in determining proper ''feel," “ tension," 
"drag," or other characteristics, yet, in spite of all that is 
known about the variability of human judgments, little 
attention has been given to the importance of such variability 
asit may affect the accuracy of precision instrument measure- 
ment. Recently an investigation was conducted to examine 
the accuracy and variability of employee measurements made 
with certain precision instruments. Data were collected in 
two different plants. The first of these was engaged in the 
manufaeture of variable pitch propellers for aireraft, the 
second, in the manufacture of precision parts for aircraft and 
automobile engines. 

Approximately two hundred people are employed in the 
inspection department of the first plant. Their jobs were 
analyzed by job classifications in order to determine what 
precision instruments are used and what tolerances are 
demanded on each job. Frequency counts were then made 
to determine which instruments or combinations of instru- 
ments are used in the largest number of classifications and by 
the largest number of employees. On the basis of this count, 
twenty instruments and combinations were chosen as being 
most important in this particular plant. 


A dimensional control laboratory 


A room was set aside as a dimensional control laboratory 
and twenty booths or inspection stations were set up. Each 
booth was numbered and in it were placed one of the twenty 
instruments, a standard part from the plant, and a simplified 
working drawing which indicated one dimension to be meas- 
ured with the instrument provided. When an employee 
entered the room, the attendant determined his job classifi- 
cation and provided him with an appropriate work-sheet for 
each of the stations containing work samples from his job. 
Each employee was tested on only those instruments which he 
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uses on his particular job. He was encouraged to make five 
measurements and then to record his best judgment as to the 
dimension. The readings thus obtained were compared with 
so-called ‘‘true” dimensions, which were determined by means 
of ultra-precision instruments in combination with Johansen 
blocks. Instruments utilized in the performance testing were 
checked and adjusted periodically to insure constancy. 


Emphasis of testing 

This performance testing procedure was organized in 
connection with a training program, and its primary function 
was to identify persons in need of training. Plans for a 
maintenance program were also made with provisions for 
re-testing employees every three months. It was also planned 
to utilize the laboratory to supplement seniority in determin- 
ing adequacy in connection with transfers and promotions. 
The program was instituted with the knowledge and backing 
of line supervision and of the union in the plant. 

Results obtained at eleven of the twenty stations are 
presented in Figure 111. The particular stations selected 
for illustration were chosen in terms of general familiarity 
with the instruments used and not because of any peculiarity 
in the findings; they are truly representative. 

In Figure 111, the open bars represent the percentage of 
inspectors tested who obtained readings within the established 
tolerance. The solid bars represent the percentage of persons 
tested who failed to meet the standard. As already stated, 
not all the inspectors were tested at each station; instead, the 
sample contains only those who use the instruments on their 
jobs. This accounts for the fact that the N’s range from 117 
to 162. The figure indicates that the percentage of inspectors 
meeting the various standards ranged from a high of 66 per 
cent on the inside mierometer to a low of 9 per cent on the 
inside caliper in combination with the six-inch micrometer. 
The pattern of performance on the various vernier microm- 
eters also seems significant. It will be noted that 43 per cent 
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indicated had been established by the engineering department 
and are identical with those encountered in the shop. 

After the completion of the study summarized, a similar 
investigation was conducted of forty-five toolmakers from 
another plant. The percentages of toolmakers who were 
able to measure various parts within specified tolerances were 
similar to those cited above for the inspectors. The results 
further showed that the larger the part, the less accurate the 
measurement. In both plants where these studies were 
conducted, training programs in the use of precision instru- 
ments were found to be needed, and were instituted after the 
surveys were completed. These studies typify the manner 
in which psychological measurement of employee performance 
markedly helps in identifying areas where operators are 
insufficiently trained, or for other reasons are not performing 
their jobs in an entirely satisfactory manner. 


10 
Industrial Merit Rating 


Menrir rating is a systematic evaluation of an employee by 
his supervisor or by some other qualified person who is familiar 
with the employee's performance on the job. Merit ratings 
are usually made by means of a standardized form that is 
adapted to the needs of the particular industry. Usually 
these ratings are made at periodic intervals. A merit rating 
thus becomes a permanent part of an employee's record with 
a given company, and, at least in theory, is a part of the 
record that may be used by management in subsequent 
promotion, transfer, or layoff.* 


The Growth of Merit Ratings 


A survey conducted in 1939,? which covered 64 companies 
employing from 500 to more than 100,000 employees, revealed 
that merit rating in some form was then in use by approxi- 
mately one third of the plants surveyed. Since that time, 
many factors have tended to increase still further the number 
of industries using a merit-rating system. Contracts that 
have been signed by management with labor organizations 
frequently contain a clause to the effect that an employee has 
a right to his job at the time of layoff in proportion to the 


amount of the employee’s seniority, if other things such as 


1 An excellent summary of practice and experience in industri 1 n 
appears in “Employee Rating: Methods of Appraising ice, Pe 
Potentialities,” Studies in Personnel Policy, No. XXXIX (National lndvatun 
Conference Board, New York, 1942). ay nausia 

2 R. B. Starr and R. J. Greenly, “ 


Merit Rating Survey Findi » 
Journal, XVII (1939), pp. 378-384. g Survey Findings," Personnel 
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“Job performance, skill, and ability" are equal. Such a 
clause in a labor contract necessarily involves some method 
of measuring or evaluating whether the “other things" are 
equal. Merit ratings have frequently been proposed as one 
means of meeting this situation. Whether, eventually, merit 
ratings or some other tool or technique of management will 
be adopted to meet this need, at present an ever-growing 
number of industries are making a serious attempt to solve 
the problem with merit ratings. Whatever may be the 
industrial future of this technique, and however keenly one 
may be aware of the criticisms that may be leveled against 
many systems of rating now in use, it seems clear that merit 
rating is likely to remain a sufficiently important part of 
personnel administration for some time to come to justify 
our giving rather careful consideration to its discussion. 

One point should be made clear immediately: while the 
term '*merit rating" is new, the rating of men by supervisors 
is by no means new. Such rating has been carried on as long 
as industry has been in anything like its present mass-produc- 
tion form. Supervisors have always rated men, and it is no 
doubt true that the ratings made in random, slipshod, and 
unsystematic fashion, unrecorded and undefended, have in 
the past been just as important, if not more important, in 
determining whether a given employee should hold his job as 
any rating made by means of a modern merit-rating chart. 
The changes that came with systematic merit rating, then, 
were not changes that involved a making of ratings where 
none had existed before; rather they were changes that 
involved the transfer of ratings from haphazard, random, 
and frequently irresponsible judgments of supervisors made 
perhaps during the heat of a quarrel, to ratings made calmly, 
deliberately, systematically, and in a manner that made the 
ratings, if not completely comparable from one employee to 
another, at least much more comparable than were the older, 
haphazard evaluations of employees by supervisors. The 
question, then, is not whether supervisors should rate their 


322 INDUSTRIAL MERIT RATING 


employees—this always has been and probably always will 
continue to be done—but whether the use of a formal merit- 
rating system is likely to increase the value of such ratings 
both to management and employees. 


Purposes of Merit Rating 


Among the more common purposes that merit rating is: 
intended to serve are the following: 


1. Promotion. The identification of men who are eligible for 
promotion either to a higher-rated or to a supervisory job. Union 
contracts often contain a clause providing that seniority shall 
govern promotions.only when the “ability, skill, and job perform- 
ance” of applicants are equal. Management has frequently pro- 
posed the use of merit ratings to indicate whether or not these other 
factors are equal. Unions, however, have been very reluctant to 
accept merit ratings as a satisfactory measure of “ability and skills.” 
This reluctance has been apparent not only in cases where the 
union-management relationship is characterized by frequent dis- 
agreement on other topics, but also, in almost the same degree, even 
in cases where the union and the management are in close harmony 
on many other subjects. This very fact, namely, that it has been 
extremely difficult to get merit rating accepted even by unions that 
co-operated with management to a considerable degree on many 
other subjects, such as job evaluation, suggests the possibility that 
many merit-rating systems may be subject to legitimate criticisms. 

2. Transfer. The identification of men who have the necessary 
skills, abilities, and/or adaptability to fill a vacancy on another job 
or in another department. 

3. Employee improvement. Analysis of the strong and weak 
points of an employee so that both he and management can properly 
direct their efforts toward the development of the personal character- 
istics, skills, or information that will make him a better employee 
and increase his chances of further promotion. 

4. Testing personnel tests. The identification of groups of better 
or poorer employees for the purpose of testing or trying out person- 
nel tests. (See page 55.) 

5. Layoff. A fifth possible purpose to which considerable 
importance was attached when merit rating first came to the atten- 
tion of management but which is not often mentioned today is the 
use of merit rating to identify men for layoff when production is 
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curtailed. Most union-management contracts today provide for 
strict adherence to seniority in layoffs. 


Merit-Rating Systems 


Several types of merit-rating systems have been developed. 
These systems offer various advantages and disadvantages, 
depending upon the primary purpose the ratings are intended 
to serve. 


The chart system 


Some form of chart system is the most widely used kind 
of merit-rating plan currently in use. The basic principle of 
the chart system is the rating of the employee on each of a 
number of traits or worker characteristics. The charts used 
differ so much from one plant to another that it would be 
quite unwise or even impossible to propose any single form 
that would be adapted to the needs of all industrial organiza- 
tion. The wide variety both in traits rated and in number 
of traits rated may be seen from an analysis of the merit- 
rating charts of 18 companies‘ as shown in Table 27. In this 
table the companies are referred to anonymously by number 
across the top row of the table. The number of traits 
included. varies from 21 in the case of Company 1, which is 
analyzed in the first column, down to four traits in the case of 
the companies analyzed in the last two columns. The 
median number of traits used is ten; therefore, if any virtue 
lies in considering the practice of the typical or average 
industry as indicating the correct practice to follow, ten traits 
would be the proper number to list in a merit-rating chart. 
Probably, however, little virtue lies in attempting to fit a 
merit-rating chart to the average of a typical industry; it 


3 A summary of the steps that should be taken in developing a merit-rating 
m has been published by J. E. Zerga. See “Developing an Industrial 


yste 
m. Rating Scale," Journal of Applied Psychology, XXVII (1943), pp. 190— 
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4 Starr and Greenly, op. cit. This article refers to a survey of 16 companies, 


but the tabulated results show an analysis of 18 merit-rating charts. 
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THIRTY-FIVE RATING ITEMS USED BY EIGHTEEN Companies’ 


A check indicates that the item appears on the company’s merit-rating chart. 
A number following the check indicates the weight assigned to the item. If no 
numbers appear it is intended to weight all items equally. 
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would, then, be better in any specific instance to adapt the 
chart to the industry intending to use it than to make it 
conform to a given set of characteristics, however representa- 
tive this set of characteristics might be of industry in general. 

There is some reason to believe that with the increasing 
use of merit-rating charts the tendency will be to rate fewer 
traits rather than more. The primary reason for this belief 
is to be found in the existence of the “halo” effect, a phenome- 
non almost always found in psychological ratings. This effect 
will be discussed in detail on page 333. One typical chart 
illustrating the chart method of merit rating is reproduced 
in Figure 112. 


Rank-order system 


When a chart system is used, there is frequently a tend- 
ency for the raters to pile up the ratings at one end of the 
scales, frequently at the higher end, owing to an inclination 
toward leniency on their part. To the extent that the ratings 
are concentrated at one end of the scale, the results are of 
little value, because these ratings will not differentiate among 
men who are located at the same point on the scale. 

This difficulty can be avoided if a rank-order system of 
rating is used. Under this plan, each supervisor arranges 
his men in rank order, and each man’s rating is then deter- 
mined by his position in rank. If a system involving several 
traits is used, the rankings should be made separately for 
each trait. The actual process of ranking is usually facilitated 
by the use of small cards containing the names of men to be 
ranked. The cards may be arranged and rearranged by 
the süpervisor as he ranks the men on each of the traits 
considered. The method of paired comparisons, i.e., pairing 
each man with every other one, is usually advantageous if 
not over 15 to 20 men are to be ranked. 


Forced distribution system 
When a department is large—consisting, say, of forty or 
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PROGRESS RECORD 


Nam Dept. Div.______Date__ 


Employce's Positio Job Class. 


Note This rating will represent in a systematic way your appraisal of the employee in terms of his ACTUAL 
PERFORMANCE ON HIS PRESENT JOB In the interests of furthering careful analysis, the follow- 
ing suggestions are offered regarding the use of this form 

1 Consider only one factor at a time 
2. Study each factor and the specifications for each grade 


3. Review upon completion to see that the rating of cach factor applies exclusively to the indi- 
viduals ACTUAL PERFORMANCE ON HIS PRESENT JOB 


4. Comment fully at bottom of page and on reverse side upon any matter which in your opinion 
needs explanation 
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Fig. 112—A typical merit rating chart used in industry. 


more employees—the process of ranking becomes unwieldy. ^ 
This unwieldiness is due partly to the mechanical difficulties 
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of ranking a large group of men and partly to the fact that 
when many men are involved there will frequently be several 
who, in the opinion of the supervisor, should be given equal 
ratings. To meet this situation, the forced distribution 
system provides that employees be rated on one or more 
scales, with approximate percentages of employees stipulated 
for each scale location. Thus, on a scale of **performance on 
present job," the following percentages might be used: 


Lowest 10% Next 20% Middle 40% Next 20% Highest 10% 


The use of a forced distribution of this type prevents 
some supervisors from using only the high part of the scale, 
others from using another part exclusively. The percentages 
should be considered as guideposts rather than as rigid rules. 

The forced distribution system can be used when ranking 
a number of traits, if that is desired; in this case, the employees 
may be separately rated on each trait. However, the evi- 
dence from statistical studies such as those reported on pages 
333 to 340 is rather strongly in favor of rating employees on 
only a few traits. On the basis of this evidence, a simple, 
two-item, merit-rating card has been developed. On this 
card, reproduced in Figure 113, each employee is rated on 
“job performance on present job” and “supervisory possibil- 
ities.” In the training program preceding the use of these 
cards, the raters are acquainted with the percentage dis- 
tribution that should be used as a guidepost in ranking. It 
wil be noted that no verbal descriptions are printed under 
the five boxes on the card in Figure 113. Verbal descriptions 
are not used because, if they were used, the description 
under the “Low” box would necessarily have to be rather 
unfavorable, and many supervisors object to placing a man 
in the low category when it is qualified by an unfavorable 
comment. 

A.second rating on ''supervisory possibilities" is also 
called for by the card shown in Figure 113. The use of forced 
distribution in rating this trait is not recommended, because in 
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some departments there may be no employees who are poten- 
tial supervisors, while in other departments several may have 
potential supervisory ability. 

In using a two-characteristic rating system of this type, 
the two ratings should not be added together to give a single 
composite rating. To do so obscures the significance of the 
individual ratings. 

If the ratings are to be used for any purpose that requires 
discussing them with the men rated, it is usually desirable to 


SS ———D 
LAST NAME FIRST NAME DEPT CLOCK NUMBER 


DATE 


JOB PERFORMANCE ON PRESENT JOB 
SUPERVISORY MATERIAL 


UNLIKELY POSSIBLE VERY LIKELY 


Fic. 113—Form used in merit rating employees by a forced 
distribution system. 


have check lists of characteristics that justify the overall - 


rating made. The list may consist of a set of traits such as 
those tabulated in Table 27, with corresponding boxes to be 
checked for those traits in which the employee is strong and 
for those in which he is weak. These lists may be printed on 
the back of the card illustrated in Figure 113. 


Some Values of Merit Rating 


Regardless of a number of criticisms, statistical and other- 
wise, that may be directed against merit rating—and that will 
be discussed on page 333—industrial relations m 
are coming to recognize, more and more, 
‘inherent in such a system. To obtain many 
however, it is necessary that the results of the 


anagers 
certain -values 
of these values, 
merit rating be 
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made known, through the proper channel, to the employees 
who have been rated. Whether the *'proper channel" 
should be the supervisor who made the rating, the superin- 
tendent of the department, a psychologieal counselor, or 
someone else, depends upon a decision as to who has the time 
and training to assume this responsibility. Usually it is 
advisable for someone to discuss the ratings with the men rated 
in order, as Davis* has pointed out, to avoid misinterpretation. 
Moore? has remarked that one of the most valuable uses of a 
rating program is to identify the weaknesses of employees 
that may be corrected. Knowles? also has emphasized that 
employees should be informed of their ratings and encouraged 
to overcome their shortcomings. Armstrong? has outlined 
several principles that may be advantageously followed in 
discussing ratings with employees, namely: 

1. Criticism and reprimand should be based upon facts and 
should avoid personalities. 

2. Public criticism is rarely justified. 

3. Private reprimands should be preceded by a statement of 
some of the more desirable traits of the employee. 


The experience of many industries has been that employees 
should be informed of their ratings by some production man— 
either the foreman himself or the departmental head. Pro- 
duction men, however, often require special training before 
they are able to do this smoothly and effectively. Many 
supervisors who are good production men are not very skillful 
in discussing a man’s weak points face to face with him. 
To do so successfully calls for tact, objectivity, and a sincere 
interest in helping the man as well as the business. Many 


6H. A. Davis, “Inefficient Efficiency Rating," Personnel Journal, XXII 


(1944), pp. 268-270. f 
1H. Moore, “Real Use for Rating Scales,” Personnel Journal, XXI (1942), 


pp. 165-170. . ! 2 " 
8 A. S. Knowles, “Merit Rating and Labor Management," Personnel, XVII 


(1940), pp. 29-42. : RD x 
9 T. O. Armstrong, “Talking your Ratings,” Personnel, XX (1943), pp. 112- 
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industries have found it wise to devote an extended series of 
training conferences to teaching supervisors how to inform 
their men of weak spots without offending the men. When 
this result has been accomplished and when a supervisor is 
able to talk face to face with his men about their weak as well 
as their strong points, a long step has been taken toward 
solidarity in the working group and toward the upgrading of 
men who otherwise might, for lack of information, either 
remain exactly where they are or actually regress. 


Prevents grievances 


A merit-rating system stimulates supervisors to talk over 
with their men possible sources of grievance before serious 
problems have a chance to arise. It is not only sound psy- 
chology, but good common sense as well, to ‘‘nip in the bud” 
any situation that may cause friction between two people. 
Many such situations are certain to arise in a working rela- 
tionship as close as the one between employee and supervisor. 
Frankness ort the part of the supervisor in making legitimate 
suggestions is facilitated by a merit-rating system. The 
spirit of constructive criticism can begin with the construc- 
tion of the rating scale. Slocombe has suggested that 
foremen and men to be rated snould;work together in deciding 


upon the content of the merit-rating chart. Such co-opera- - ^ 


tion makes everyone concerned with the merit rating become 
a partner in the enterprise and paves the way for an effective 
and serviceable use of the system. 


Improves job performance 


If an employee, either for lack of experience or lack of 
information, continually performs his job in the wrong way, 
the supervisor will be doing both the employee and the 
company, as well as himself, a favor by bringing this matter 


to the employee’s attention in the proper manner. However 
, 

10 C, S. Slocombe, “Psychology of Co-operation," Pers, = 
(1938), pp. 325-332. " » onnel Journal, XVI 
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unless a supervisor is required periodically to evaluate all of 
his employees with regard to their ability in various directions, 
it is quite likely that many aspects of an employee's perform- 
ance that could easily be improved, and that the employee 
himself would like to improve if he were made aware of his 
shortcomings, will go on from day to day without correction 
on his part. To inform an employee of his strong and weak 
points is not only a reasonable and fair thing to do but is also 
good business for any management that is sincerely interested 
in having its employees perform their jobs in the best possible 
way. 


Increases analytical ability of supervisors 


It is very easy for a supervisor to judge a man as good or 
bad, strong or weak, desirable or undesirable, without asking 
himself the question, “Why have I judged this man in this 
particular way?" But when a supervisor asks himself the 
question, "Why is a certain employee unsatisfactory?” 
and when he is assisted in asking this question by a merit- 
rating system that lists a number of characteristies in which 
the employee may be strong or weak, it is often possible to 
identify immediately a particular weakness that accounts for 
all, or nearly all, of the employee's undesirability upon a 
certain job. Perhaps the employee is on a job for which he 
does not have the necessary dexterity, strength, or adaptabil- 
ity. When one has determined why an employee is unsatis- 
factory on a certain*job it is often possible to shift that 
individual to some other type of job for which he is more 
adapted and on which his performance will be more accept- 
able. Merit rating increases the supervisor's consciousness 
of the need for such analysis of his employees. 


Assists management in promotion, demotion, 
and transfer problems 

Another value of merit ratings is that they help to supply 
an adequate basis for promotion, demotion, and transfer. 
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In any large industry it is necessary to make changes of this 
type. Often such changes must be made quickly in order to 
take care of new business or to adapt the personnel of a plant 
to technological changes. A systematic and periodic record 
of an employee’s rating while he has been on various jobs in 
the organization greatly simplifies the shifting made necessary 
by requirements of promotion, demotion, and transfer. 
Union contracts often place great emphasis upon the 
principle of seniority as a basis for job changes of employees 
within the jurisdiction of the contract. Under these cir- 
cumstances, management’s judgment, based on merit ratings, 
often cannot be exercised. But some job changes, such as 
promotion to supervisory jobs, often need not be based on 
seniority, and in such cases as these, systematic merit ratings 


often provide a valuable tool in identifying the proper men for 
promotion. 


Reveals areas where training is needed 


A fifth value of merit rating that is becoming more and 
more apparent with the growth of industrial ‘in-service ” 
training is the manner in which such ratings help to locate 
areas where training can be given to advantage. For 
example, it is not uncommon to find that in a certain depart- 
ment the average rating of all employees on such a factor as 
“knowledge of their job” is consistently lower than the 
ratings of employees in other departments on this character- 
istic. This situation can often be remedied 
tion of a job-training manual and the offerin, 
those aspects of the job that will upgrade 
employees. Likewise, a department in whi 
consistently rated lower in “co-operation ” 
employees in the plant may bring to the at 
ment a department in which something is wrong in the rela- 
tionship between workers and supervisor., To determine 
whether such a situation is due primarily to the workers or to 
the supervisor often requires careful study. The diffculty 


by the prepara- 
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ch the men are 
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may be due to the fact that the workers cannot get along with 
the supervisor, in which case perhaps the latter should be 
changed rather than the workers reprimanded. Whatever 
may be the cause or the eventual solution, the presence of such 
a situation is often brought to the attention of management 
only after a systematic plan of merit rating. 


Some Dangers of Merit Rating 

Although any merit-rating chart or system should be 
adapted to the needs of the organization in which it is to be 
used, certain principles, if followed, will definitely increase the 
value of the ratings and, if neglected, will cause, at the best, a 
marked reduction in the value of the ratings and, at the worst, 
serious trouble in the form of labor difficulties or industrial 
relations disputes. Several of these principles have been the 
subject of extensive study by psychologists. 


' The halo effect 


More than twenty years ago Thorndike" pointed out on 
the basis of experimental evidence that a rater has a constant 
tendency to rate an individual either high or low in many 
traits because the rater knows (or thinks) the individual to be 
high or low in some specific or particular trait. Thorndike 
called this tendency the ‘‘halo” effect. Applied to the indus- 
trial situation, Thorndike’s statement means that if the super- 
visor regards an employee as very satisfactory in terms of his 
general personality and co-operativeness, he is likely to rate 
the employee high also in such traits as productivity, ingenu- 
ity, inventiveness, adaptability, and perhaps many other 
traits.!? In other words, it is difficult for any rater—particu- 
larly an untrained rater—to isolate and rate separately the 
various traits that an employee may possess. We have 


11 E, L, Thorndike, “A Constant Error in Psychological Ratings," Journal 


of Applied Psychology, IV (1920), pp. 25-29. n 3 
12 A discussion of the halo effect in the industrial application of merit rating 
is given by R. S. Driver, *A Case History in Merit Rating," Personnel, XVI 


(1940), pp. 137-1 62. 


334 INDUSTRIAL MERIT RATING 


pointed out that the use of a merit-rating chart is likely to 
increase the ability of a foreman to make an analytical judg- 
ment; but we know that even under the most favorable condi- 
tions the halo effect will be present to some extent and that its 
results will be most prominent where ratings have been made 
by those unfamiliar with its very existence. 
` The halo effect can be minimized in several ways. Ifa 
chart system is used, it is usually advisable to follow the sug- 
gestion of Stevens and Wonderlic?? and have each supervisor 
rate all his men on one trait before going on to the second 
trait, on the second trait before going on to the third, and so 
on. Since this method causes the supervisor to think of all 
his men in connection with a given trait alone rather than to 
think of each man as a whole, the effect of this general change 
in point of view is a reduction of the halo effect. This effect 
can also be minimized by arranging the chart itself so that the 
desirable end of some traits is on the right-hand side of the 
scale whereas the desirable end of other traits is on the left- 
hand side of the scale. This procedure prevents a supervisor 
from checking down a column on the right-hand side for a 
generally desirable employee, or down the left-hand side for a 
generally undesirable employee. 

The operation of the halo effect in an actual set of ratings 
is shown in Figure 114. This figure reveals graphically, for 
18 randomly selected men from a large industrial organization, 
the relationship between ratings on overall job performance, 
accuracy, safety, and co-operation, on the one hand, and on 
the other, an overall merit rating which included the four 
traits mentioned above along with eight others that need not 
be identified. The 18 men are arranged in rank order from 
left to right according to their overall merit rating. These 
ratings are indicated by the heavy black line. The ratings 
of the 18 men on the other four traits are indicated by the 


1 8. N. Stevens and E. F. Wonderlie, “ An Effective Revisi f th i 
Technique," Personnel Journal, XIII (1934), pp. 125-134. "ues 
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remaining lines. It will be seen from an inspection of Figure 
114 that those individuals who tend to rate high in any given 
trait, say co-operation, are also rated about equally high on all 
of the other traits shown. Of course, it may theoretically be 
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Fia. 114—Operation of the “halo effect" in industrial merit rating. 


possible that the individual high in one trait is actually high 
in all of the other traits, but it seems much more likely 
that the halo effect, rather than any real relationship among 
the traits, is operating here. 

Further evidence of a more extensive statistical sort of the 
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existence of the halo effect has been obtained from a factor 
analysis of approximately 1100 ratings selected at random 
from a plant in which about 9000 employees had been rated." 
The chart used involved ratings on twelve separate traits. 
These traits and. the intercorrelations between the ratings for 
each pair of traits are shown in Table 28. Such a correla- 


TABLE 28 
INTERCORRELATIONS OF THE TRAITS IN A 'TwELvE-ITEM MERIT-RATING SCALE 
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tional matrix containing correlations in general as high as 
those shown in Table 28 is sufficient in itself to indicate that 
a common factor is operating to influence most, if not all, 
of the ratings. The results of a factor analysis of these ratings 
quite definitely justify this judgment. Factor analysis is a 


“Edwin Ewart, S. E. Seashore, and Joseph Tiffin, “A Factor Analysis of an 
Industrial Merit Rating Scale,” Journal of Applied Psychology, XXV (1941), 
pp. 481-486. 
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statistical technique that reduces a set of measurements (such 
as test results or merit ratings) to the minimum number of 
basie variables or factors that will account for the variations 
in the original data. The factor analysis of the merit ratings 
revealed three basie factors, factor loadings for which are 
given in Table 29. In interpreting the importance of the 
different merit-rating items as they enter into each of the 
three factors, we should bear in mind that the amount of 


TABLE 29 
FACTOR LOADINGS AFTER ROTATION 
Factor Loadings 
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the factor loading indicates the extent to which that item is 
related to the factor in question. An inspection of the merit- 
rating items entering into Factor I reveals that overall job 
performance is loaded the most heavily; productivity, second; 
industriousness, third; judgment, fourth; and so on down the 
list. If we were to attempt to name this factor, probably the 
best name available would be “ Ability to Do the Present 
Job.” In other words, this factor seems to be a job-per- 
formance factor. Since the factor loadings on all of the traits 
entering into Factor I are high, compared with the loadings 
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on Factors II and III (except Health in Factor IID, we infer 
that this factor is by far the most important of the three in 
determining the overall merit rating and that, since all of the 
heavily loaded traits entering into Factor I deal rather 
specifically with ability on the job, it would seem safe to 
identify this factor as a job-performance factor. 

Factor II contains no elements so heavily loaded as are 
those entering into Factor I. However, those most heavily 
loaded in Factor II are accuracy, knowledge of the job, and 
versatility. Judgment and safety are the fourth and fifth, 
respectively, but they are not so highly related to Factor II 
as are the first three traits named. If we attempt to name 
Factor II, a name must be found which combines the five 
traits as they are all related to the unnamed factor, Since 
none of the loadings for this factor is high in comparison with 
those for Factor I, we must conclude that none of the twelve 
items of the rating scale “ taps" this factor very well. Weare 
faced then with the task of naming this factor although we 
know only the following facts: (1) accuracy correlates with 
it .44, (2) knowledge of the job correlates with it 34, (3) 
versatility correlates with it -33, (4) judgment correlates with 
it .27, (5) safety correlates with it -25, and (6) no one of these 
items from the rating chart is a satisfactory name for the 
factor because no one of them correlates highly with the factor. 

From this evidence it would seem that Factor IT may deal 
with the quality of performance on the job. Skill and accu- 
racy are also suggested as possible names. Since knowledge 
of the job has the second highest factor loading, perhaps 
promotability or likelihood of being. promoted would be an 
appropriate identification of this factor. Whatever we may 
choose to call it, certainly this second factor is not the same 
as Factor I, and it does not have as much influence on the 
total ratings, under the system which had been in use when 
these merit ratings were obtained, as does F actor I. 

Factor III was found to be significantly loaded with only 
one element, namely, health. In other words, this factor 


ae 


NI 


INDUSTRIAL MERIT RATING 339 


was related to the health ratings and to nothing else. It 
should be mentioned at this point that the reliability of the 
ratings of the various traits had previously been obtained 
and, of all the traits, the one rated with the least reliability 
was health. Indeed, the reliability of the health ratings was 
only .37, and yet here we are presented with a situation in 
which the factor analysis shows a trait whose internal reliabil- 
ity is only .37 to have a factor loading on the third factor of 
-84. This would mean that a trait that correlates with itself 
only to the extent of .37 nevertheless correlates with some- 
thing else (Factor IIT) to the extent of .84. While it is pos- 
sible for the correlation of a set of measurements (such as 
ratings or test scores) with an external measure to be higher 
than the reliability of the original measurements, it is difficult 
to explain so great a difference as the one found here. The 
answer to the paradoxical situation is that the unknown 
factor identified in Factor III can be nothing but the unreli- 
able health ratings themselves. The analysis postulates a 
third factor to account for these health ratings for the same 
reason that any unreliable, inconsistent, and random measure- 
ment would necessarily come out in a factor analysis as an 
independent factor. Such a factor would not significantly 
correlate with any other set of measurements. 

This evidence provides quite sufficient grounds for dis- 
regarding the health ratings as indicating anything except 
random and relatively worthless judgments of the moment. 
A further reason (if one were needed) for disregarding the 
health ratings would be the fact that an employee's health is, 
of all things, something that should be determined scientif- 
ically by a physician and not by the judgment of his foreman 
or supervisor. 

The logical conclusion one would reach from the foregoing 
discussion is that the merit-rating chart in question should be: 
reduced to only two traits and that these traits should be 
identified so as to cover as well as possible the two faetors that. 
the analysis revealed. This conclusion is the basic reason for 
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the development of the simplified forced distribution system 
described on page 325. Such a reduction in number of traits 
rated involves no sacrifice in either reliability or accuracy. 
However, it may well be that certain other advantages that 
accrue from merit rating—such as the increase in the analyti- 
cal viewpoint of the foreman and the identification of the 
employee who needs help or training—can be better achieved 
by a more detailed type of merit-rating chart. The advan- 
tages of the analytical approach, however, can be obtained 
by the adoption of the check lists recommended on page 328 
for use with the forced distribution system. The decision as 
to which system is to be used must be made by each industry 
in the light of the evidence and after a careful consideration 
of the needs of the particular plant. 

It should be stated that the presence of only two factors in 
the ratings on twelve traits may be a reflection of inadequate 
training of the supervisors in the general principles of rating 
employees. A study by Driver!’ of a similar set of ratings 
obtained from supervisors who had been given seven hours of 
intensive training in rating methods revealed much lower 
intercorrelations than those shown in Table 28. 

The general conclusion with regard to the halo effect is 
that unless supervisors have been trained very carefully they 
may allow one trait of an employee greatly to influence their 
ratings of that employee on many other traits. 


The "weighting" of traits 


After a decision has been reached in regard to the particu- 
lar traits that are to comprise a merit-rating chart, many 
industries have felt it desirable to weight each of these traits 
according to what seems to be the relative importance of each 
for success of employees in that particular organization. 
Thus, one industry might weight initiative 20 points and 
safety 5 points, whereas another organization might reverse 


á 35 Unpublished Study by R. S. Driver, Atlantic Refining Company, Phila- 
elphia. f 


INDUSTRIAL MERIT RATING 341 


this weighting of items. Table 27 shows that of the eighteen 
charts analyzed, four, or 22 per cent, incorporated some sort 
of differential weighting for the various items. - The remaining 
charts use either equal weightings or no weightings at all. 
Either of these methods is presumably intended to give the 
same importance to the several traits included on the chart. 

At least two difficulties arise in connection with weighting 
of items on a merit-rating chart. The first of these is that 
items are not necessarily weighted equally when all are given 
the same maximum numerical value, nor are they necessarily 
weighted in the way intended when a predetermined set of 
maximum values for each is used. In combining scores— 
whether they are merit-rating items, test scores, production 
records, or any other set of values—the scores weight them- 
selves automatically in proportion to’ their respective varia- 
bility. Expressed in statistical terms, the scores weight 
themselves in proportion to their respective standard devia- 
tions. Therefore, if the variability of all employees on one 
rating item, say health, is twice as large as the corresponding 
variability of all employees on some other item, say initiative, 
a direct combination of ratings for any employee on these two 
traits is actually weighting the health ratings twice as heavily 
as the initiative ratings. It might, of course, be the wish of 
management to weight those two items in this proportion, 
but it is unlikely that the chance weights that creep into a 
set of ratings as a function of their respective variabilities 
will weight the various traits in the manner desired by 
management. 

The statistical reason for weights being determined by 
variability of the ratings is discussed in some detail in Appen- 
dix A, page 501.. An example here may further clarify the ` 
principle. 

Suppose that 1,000 men have been rated on two traits, 
namely, health and initiative. Each man has been rated on 
trait on a 50-point scale. Suppose, for the present 
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initiative of between 30 and 35 points. Suppose, further, 
that the health ratings vary from 25 to 45. If we now com- 
bine for each man his rating on initiative and his rating on 
health we will obtain a combination rating in which it has 
often been assumed (because each trait was originally rated 
on a 50-point scale) that the two ratings are weighted equally. 
Under these circumstances, however, the traits are not 
weighted equally at all. The health ratings, which vary over 
a range of 20 points—from 25 to 45—will have approximately 
four times as much effect on the total rating as the ratings 
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on initiative, which vary over a range of only 5 points—from 
30 to 35. A method of combining the ratings so that they 
may be weighted equally is described in Appendix A. If this 
method seems rather complicated, it can only be said that 
the rating of human personality traits is complicated and is 
difficult enough to accomplish satisfactorily even when all 
statistical safeguards are followed. 

The fact that unknown weights for the various items on a 
erit-rating chart not only may but do creep in, if not guarded 
against statistically, is proved by an analysis of the merit 
ratings of 1000 employees in a steel mill. 'The variability 

16 This table is from J. Tiffin and W 
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of the ratings on each of twelve traits was computed and the 
standard deviations are shown in Table 30. 

The employees had been rated on each of these traits on a 
50-point scale, and it was assumed that this procedure resulted 
in total ratings that were influenced in an equal amount by 
each trait. Actually, the health ratings, which had the 
largest standard deviation, were exercising 40 per cent more 
effect on the total ratings than the safety ratings, which had 
the smallest standard deviation. Next in importance were 
the ratings on initiative, which were exercising 38 per cent 
more effect than the safety ratings. The relative weights 
actually exercised by each of the twelve factors are given in 
the final column of Table 30. It is doubtful whether the 
management of this company would have agreed upon this 
weighting of items if the matter had been discussed when the 
chart was constructed. 

The simple adding of ratings for several traits not only 
fails to weight the traits equally (except occasionally and by 
chance) but also fails to give them any preassigned weights 
that might have been decided upon and erystallized in the 
form of a maximum value that each trait may receive. 
Suppose, for example, that management has decided that 
accuracy is twice as important as production and therefore 
has adopted a chart in which accuracy is rated on a 40-point 
scale and production on a 20-point scale. This arrangement 
will not necessarily result in accuracy being weighted twice as 
heavily as production, for the relative weights of the traits are 
determined by the variability or spread of each and not by the 
maximum values assigned to each. It would be quite possible 
in the situation described above for the production ratings to 
assume the heavier weights if the original ratings were 
directly added. 

A second hazard related to the matter of weighting items 
on a merit-rating chart, even when proper steps have been 
taken to insure the functional operation of the weights 
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decided upon, deals with the differential weighting of traits 
for employees on different jobs. 

Suppose that a system is set up to weight experience 20 
points and education 5 points. Let us say that an older man 
who has been on his present job for many years is now to 
be compared with a research man who has recently been 
employed. The older employee, because of his extensive 
experience, will receive practically the maximum amount of 
rating points for experience, but, because of lack of education, 
will receive little on that trait. Let us say that he gets the 
full 20 points for experience but only 1 or 2 points for educa- 
tion, giving him a total merit rating of 21 or 22 points. The 
research worker, on the other hand, having only recently 
joined the organization, receives a minimum of points on the 
experience rating but the maximum of points on the educa- 
tion rating. Let us say that he receives 3 points for experi- 
ence and the maximum, or 5 points, for education. His total 
merit rating would therefore be 8 points which, compared with 
the 22 points received by the older employee, would seem on 
the surface to indicate that the older worker is a considerably 
more valuable individual to the organization than the research 
worker. Now it is entirely possible that the older worker is 
of more value to the company than the research worker, but 
itis by no means certain that he is. The point being made 
here is that a merit-rating system that weights the items as 
we have mentioned above is almost certain to give the worker 
of longer experience a higher total rating than the younger 
man. 

It may be suggested that this difficulty may be eliminated 
by weighting all items equally. However, this procedure 
assumes that for all jobs on which the merit-rating system is 
to be applied the various traits included in that merit-rating 
system are of equal importance. This plan also involves an 
error in many situations. Consider, for example, the case of 
rating two clerical workers, one a receptionist secretary and 
one a private secretary to the plant superintendent. In many 
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organizations the receptionist secretary, in order to do her job 
efficiently and satisfactorily, needs a maximum of appearance, 
poise, tact, and friendliness, and very little, if anything at all, 
of such traits as originality, versatility, and intelligence. 
The private secretary, on the other hand, needs all of these 
latter traits, although she perhaps does not need to be quite 
so personable on first appearance as does the receptionist 
secretary. Several traits might well operate to give a total 
overall rating to the receptionist secretary considerably lower 
than that of the private secretary; and yet this receptionist 
secretary might possess the one or two characteristics that 
such a job requires, so that not only is she highly satisfactory 
but actually she is able to do this job even better than the 
private secretary would be able to do it if she were transferred 
toit. In this connection Locke" has suggested that the merit 
rating system should be keyed to the jobs concerned. 

The use of a single overall trait called job performance as a 
criterion, as recommended on page 327, largely eliminates 
this problem. A supervisor in rating an individual in terms 
of his or her ability to do his present job tends to take all of 
these factors into consideration in an unconscious general 
evaluation. In the situation referred to above, it is quite 
likely that the receptionist secretary would be rated in terms 
of her present job as highly as the private secretary is rated in 
terms of hers. But if the merit-rating chart is so set up that 
it is necessary to rate each individual on a number of specific 
points and then to determine the total merit rating from some 
combination of these several ratings, it is quite likely that an 
overall result not compatible with the facts will be obtained. 
Here, then, we are presented with a situation in which we must 
be careful about judging an employee’s fitness on his present 
job by adding the results of several merit-rating items. From 
this point of view, the halo effect, as Bingham? has pointed 


^ 3: N. Locke, “Employee Ratings,” Personnel Journal, XXI (1943), pp. 282- 
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out, may be the saving grace of a fractionated merit-rating 
system. In other words, when a supervisor begins to rate 
any given employee on several traits, he may, and probably 
does, first of all center his attention upon the particular trait 
or traits that are necessary for the employee on his particular 
job. After these traits have been rated, all of the remaining 
traits on the chart automatically fall in line in terms of where 
the key traits have been rated. But the old axiom that one 
cannot eat his cake and have it too prevails in the use of an 
itemized versus an overall merit-rating system. To the 
extent that the merit-rating system really does fractionate 
an employee’s characteristics, it is unlikely to give an accurate 
indication of his ability on his present job; whereas to the 
extent that the system fails to fractionate the traits, owing 
to the halo effect, it is likely to work well in terms of giving an 
adequate overall indication. Some industries have solved 
this problem by using a dual system, that is, one in which the 
employee is first rated on overall ability on his present job 
before ratings of a fractionated sort are obtained. Such a 
dual system will accomplish both results with little more 
labor on the part of supervisors than is included in any of the 
systems now in use. 


Pooling unreliable with reliable ratings 


It has been shown by psychological research that the 
reliability of ratings is increased When it is possible to pool the 
ratings of several raters. Such pooling, however, 
that the various raters are all competent to rate the e 
in question. It is not necessary 
competent or equally familiar wi 
necessary that they have enough 
so that their rating is not based largely on chance. Acting 
on this premise, many industries have installed a System that 
involves pooling of two or three or even more ratings before a 
final overall rating of an employee is obtained. However, 
the very organization of a modern industrial establishment is 
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such that the more ratings one attempts to obtain on a given 
employee, the further away from that employee in terms of 
contact with him one must go in order to obtain the additional 
raters. Unfortunately it is not necessary to go very far before 
one has brought in raters who are so far away from the actual 
observation of the employee on his job that their ratings of 
him are not only relatively worthless in themselves, but, what 
is worse, are also so inaccurate that when averaged with the 
ratings of the foreman in direct contact with the worker the 
result is to decrease whatever validity the foreman's ratings 
may possess. One rotten apple may spoil a bushel of good 
ones, and it is even more likely to spoil one or two good ones 
if those one or two happen to be in close contact with the 
spoiled one. Thus there is considerable danger in assuming 
that, because pooled ratings are known to have more relia- 
bility than individual ratings, pooling will automatically 
increase the validity of merit ratings. This result will not be 
accomplished if the pooling necessitates pooling unreliable 
with reliable ratings. An adequate merit-rating system 
should make provision for the rater to state how well he is 
acquainted with the employee and under what circumstances 
he has had an opportunity to judge him. This makes it 
possible to pool ratings when such pooling is likely to increase 
their value, and to avoid the pooling if by so doing the ratings 
would be made less valid. 


Failure to determine the reliability of ratings 

The general concept of reliability has been discussed in 
some detail on page 62 in connection with industrial-selection 
tests. It should be kept in mind that this concept is also 
directly applicable to merit rating. Only to the extent that 
repeated ratings will tend to give an individual the same 
rating, assuming that in the meantime he has had no oppor- 
tunity to change, are we justified in allowing those ratings to 
influence our judgment of employees. The implication of 
this statement is that the more unreliable the ratings are, the 
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greater must be the change in an employee from one rating to 
another before we are justified in assuming that the change 
in rating actually indicates a corresponding shift in the 
employee's merit. One study by Reymert and Kohn!” 
revealed the reliability for a nine-item scale to be .59 when two 
judges were used. This figure is rather typical of the relia- 
bility that may be expected of any merit-rating system based 
on two or three competent raters. When a ranking procedure 
rather than a rating chart is used in making the ratings, 
higher reliability (sometimes as high as .85 to .95) has been 
obtained.”° 

Data on the reliability of ratings on each item of a twelve- 
item rating chart, as well as the reliability of the total rating, 
are given in Table 31. 


TABLE 31 


RELIABILITY OF EACH ITEM OF A TwELvE-ITEM MERIT-RATING SCALE, AND 
ToraL RATING BASED on THE Sum OF ALL TWELVE ITEMS 


Trait Reliability 

E REEE IA AET E O AREA .35 

2. Knowledge of job......... E .46 

8. Versatility... ss eesosa eese. AT 

A, Accuracy... . .45 
5. Productivity.......... .46 

6. Overall job performance. a» 446 

7. Industriousness....... we AT 

8. Initiative........ v .48 

9. Judgment... .45 

10. Co-operation 37 
11. Personality.. .39 
12. Health.... 36 
Pe Heal ou casis m da usd ale ooo directam .55 


The reliability coefficients shown in Table 31 were obtained 
by correlating results from pairs of raters who had rated the 
same employee. The data are based on a total of 92 raters 
and 4,500 rated employees. While somewhat higher relia- 


1 M, L. Reymert and H. A. Kohn, “The Mooseheart G 
for Housemothers and Housefathers,” Journal 
(1938), pp. 288-294. 

?? Personal communication from Dr. H. C. T; 
for Community Research. 
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of Applied Psychology, XXII 


avlor of the Upjohn Foundation 
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bilities might be obtained in other industries by means of a 
different merit-rating chart, it does not seem reasonable to 
expect the reliability of any ratings based on only two or 
three raters to reach a much higher level than the figures here 
cited. It is unwise to place too much confidence in any 
measurement that has a reliability no higher than .55, the 
value obtained for the summation of items on the chart. 
Another factor that often tends to make the ratings more 
consistent from one year to another than the facts of the 
situation justify is the supervisor's memory of his previous 
ratings of the employees. It is only reasonable to expect 
that when a supervisor rates a man twice, the second rating 
will be similar to the first if no marked new factors have 
arisen during the intervening period that might cause the 
supervisor to change his estimate of the man. The extent 
to which this memory element influences the consistency of 
ratings has been studied by determining the correlation 
between ratings on successive years for groups of employees 
who were rated by the same and different raters on the two 
occasions. The findings of this analysis are summarized in 
Table 32. An inspection of this table reveals a consistent 
decrease in the size of the correlation from the situation at the 
top of the list, where the same three raters were involved 


TABLE 32 
xs BETWEEN RATINGS ON SUCCESSIVE YEARS OF EMPLOYEES WITH 


CORRELATIO: 
SAME AND DIFFERENT RATERS 
Correlation 
Same three raters both years .65 
One new rater second year... .59 
Two new raters second year........ .46 
Three (all) new raters SECOND VEAL sissies ka nicer .49 


during the two successive years, to the bottom of the list, 
where two or three new raters were involved the second year. 
These correlations should not, of course, be interpreted as 
reliability coefficients because the ratings were separated by 
an interval of a year, for during a period of that length many 


employees might actually change in such a way as to justify 
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a change in the rating given them. However, the fact that 
a rather marked difference exists between the situation in 
which the same raters are involved and that in which one or 
more raters have been changed indicates that the constancy 
of the rater does affect the consistency of the rating. 

All of these facts considered together indicate that merit 
ratings do not have a particularly high reliability. This fact 
does not mean that the ratings are of no value, but it does 
mean that one should be aware of their reliabilities and should 
not attempt to use merit ratings in a way that presupposes a 
higher reliability than they actually possess. 

In proportion as ratings are unreliable it is not a valid 
procedure to consider a slight change in rating from one time 
to another as indicating a real change in the merit of the 
employee. By means of a simple statistical procedure, it is 
possible to obtain for merit ratings what is known as the 
probable error of measurement. Unless an employee’s rating 
changes by at least four probable errors of measurement from 
one rating to another, it is unsafe to assume that any real 
change has occurred. In the case of the ratings that were 
used in determining the reliability coefficients summarized 
in Table 32, the probable error of the total rating was fifteen 
points: in other words, an employee must shift up or down 
by approximately sixty points before management is reason- 
ably certain that an actual change in the employee’s merit 
has occurred. It is therefore very important for management, 
to know the reliability of the ratings that are used. Only 
through such knowledge is it possible to know whether the 
ratings indicate a real difference between two employees or a 
real change in an employee from one time to another. 
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section was such that two employees must differ by at least 
60 points before it can safely be assumed that a real difference 
between the two employees exists. In the light of this 
situation it is unwise to give the employees exact numerical 
statements of their ratings. One learns early in life that the 
figure 400 is larger than the figure 399. "Therefore, if two 
employees should receive ratings represented by these 
numbers, one is likely to feel elated and the other depressed, 
though there is no reason at all for assuming that such a slight 
difference represents any real difference between the two 
employees. It is much safer to divide the range of ratings 
into four or five categories and to tell each employee only in 
which category he is located rather than exactly where he 
stands in that category. 

A second problem in giving out numerical ratings arises 
when an employee compares his rating with a rating given him 
at some previous time. Suppose, for example, an employee's 
rating in 1947 is 350. He is not satisfied and makes every 
effort during the following year to improve his performance 
on the job. Possibly he attends night school, reads material 
related to his job, and in other ways makes a sincere effort to 
upgrade himself. At the end of the year the ratings are 
repeated ànd he finds that this time his numerical rating is 
only 345. One familiar with the fact that ratings are none too 
reliable, even at the best, would certainly not consider such a 
slight decrease from one year to another as indicating a drop 
in the employee's merit. But the employee himself, if these 
numerical figures have been given out, is very likely to adopt 
the policy, “What’s the use?” If he has done everything 
possible during the year to improve himself, and finds at the 
end of that time that he has decreased in value to the com- 
pany, he is unlikely to make any serious attempt in the future 
to improve his ability. This difficulty can be largely elimi- 
nated by giving out only general classifications such as A, B, 
C,andD. A “B-grade” employee is less likely to experience 
a change of grade as a result of a few numerical points differ- 
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ence in his rating than if he is classified exactly according to 
his numerical standing. 
Failure to consider.departmental differences in rating 


It often happens that the merit ratings turned in from 
different departments in a given plant differ markedly from 
one department to another. This discrepancy may be due 
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in part to actual differences in the merit of employees in the 
various departments, but it may also be due in part to differ- 
ences in standards or interpretation of the merit-rating scale 
among the departments. Whatever may be the 


cause, when 
such differences do occur it is usually desirable t 


o evaluate a 
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given employee's rating in terms of the other ratings from the 
department in which he is working rather than in terms of the 
ratings obtained from the plant as a whole. This situation is 
graphically illustrated in Figure 115, which shows the distri- 
butions of total merit ratings obtained from three departments 
of a plant made up of 14 departments and employing approxi- 
mately 10,000 men. The three departments selected for 
illustration are engineering, maintenance, and plant protec- 
tion. These three have been selected to show the marked 
differences which may be found in ratings from one depart- 
ment to another. The difficulty of interpreting the signifi- 
cance of a merit rating without reference to the department 
from which it was obtained may be readily seen from inspect- 
ing Figure 115.- For example, a merit-rating score of 350 
would be a very low rating for a man in the engineering 
department. 'The same rating would be approximately 
average for a man in the maintenance department, and it 
would be very high for a man in the plant-protection depart- 
ment. Since one major function of a merit rating is to 
indicate how well—in relation to other employees—an 
employee is doing his present job, a fair and reasonable basis 
for comparison of ratings of different men must be employed. 
When ratings differ markedly from one department to 
another, evaluation of any rating should be in terms of the 
department from which it was obtained. The difficulty 
inherent in this problem can be largely eliminated by using 
separate norms for different departments. 


Failure to consider job differences 

Another source of possible difficulty closely related to the 
matter of departmental differences is the variation in rating 
often found from one job to another. When employees on 
any given job are consistently given higher merit ratings than 
are employees on other jobs, such job differences should be 
considered in evaluating the rating of any given employee. 
Figure 116 illustrates this situation for 51 jobs in a Sheet and 
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Fra. 116— Differences in average merit rating of emplo; 
mill. 
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Tin Mill. The 51 jobs studied are arranged in order from 
the one receiving the highest average rating (tinner) at the 
top to the one receiving the lowest average rating (opener and 
examiner) at the bottom. It will be noted that there is a 
variation from 280 to 385, or 105 points, in average merit 
rating from the lowest to the highest average rating. From 
these differences it is clear that a rating of 300 is very high 
for an employee who is on one of the jobs located near the 
bottom of the list, but that 300 is very low for an employee 
on one of the jobs near the top of the list. The implication of 
this fact is that the merit rating of an employee should be 
evaluated in relation to the ratings of other employees on the 
same job or on jobs that are given approximately the same 
average merit rating. 


Failure to consider the age of an employee 
The age of an employee is another factor that is often 
related to the rating he receives. In one set of approximately 
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Fig. 117—Relation between age and average 
merit rating for 9,000 steel workers. 


9,000 merit ratings obtained from a single industrial plant, the 
relationship between total rating and age is graphed (Figure 
117). This figure shows that an employee between the ages 
of 30 and 35, other things being equal, is likely to get a higher 
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merit rating than an employee who is either older or younger. 
Figure 117 also shows that after this high point is reached a 
progressive decrease in merit rating takes place as age 
increases. It is clear from this chart that an employee with a 
merit rating of 330 would be definitely below average if he is 
in the age range from 30 to 35, but that he would be well above 
average if he is in the age range from 55 to 60. 


Failure to consider other factors that may affect merit ratings 


The preceding factors that should be considered in evalu- 
ating the merit rating of employees have been mentioned as 
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Fic. 118—Relation between years of service on 

present job and average merit rating for 9,000 

steel workers. 

illustrative of the kind of factors that have been found in a 
number of investigations to be related to merit ratings. 
Still other factors exist that may affect merit ratings in any 
given plant. Figure 118, for example, illustrates the rela- 
tionship found in one plant between merit ratings and length 
of service on the present job. In definite contradiction to the 
opinion of management before these results were obtained 
this chart shows a progressive lowering of merit ratings is 
the length of service on the job continues. In other words 
the longer a given employee remains on à certain job the 
lower the merit rating he is likely to receive from his Eupen 
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visor. Probably the explanation for this relationship is that 
only those employees who are ineligible for promotion or 
transfer to another or more important job are likely to remain 
on their present jobs for a long period of time. Or perhaps, 
in this particular plant, the employees with longer service 
on their present jobs are in general older employees and may 
be unable to do the work as effectively as younger men. 
Whatever may be the cause of the relationship, it is clear 
that it exists and that it should, therefore, be considered in 
evaluating a given employee’s rating. A rating, such as 
335, that might be well below average for an employee of 
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Fie. 119—Relation between years of plant service 
and average merit rating for 9,000 steel workers. 


short service on the job, would be well above average for an 
employee who has been on the job 15 or 20 years. 

Figure 119 graphs the relationship between merit rating 
and total service in the plant. It is clear that the drop-off or 
decrease in merit rating with total plant service is much less 
marked in the case of this relationship than in the case of the 
relationship with length of service on the present job. But 
here also a slight decrease in total rating seems to occur as | 
the total plant service increases. 

Tt is not meant to imply from the results summarized in 
the preceding sections that the relationships found in the 
studies reported exist in exactly this same form in all indus- 
tries. Indeed, there is every reason to expect that these 
relationships are not universal and that opposite trends may 
occur in many plants. The point to be emphasized is not the 
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universality of the trends discussed but the fact that no 
company can properly interpret the results of the merit 
ratings in its own plant or plants without definite knowledge of 
what trends and extraneous factors influence these ratings in 
that particular organization. The only way an organization 
may determine this is to make a set of analyses similar to 
those reported in the preceding sections. Such a procedure 
may be objected to on the grounds that it would involve more 
labor, and perhaps expense, than merit ratings are worth. 
It is entirely possible that this is true. But, if one is to obtain 
merit ratings that are to be used in evaluating employees, it 
is not fair either to management or to the employees rated to 
use ratings when it is not known definitely what factors have 
influenced them. If it is not possible to determine what 
these several factors are in any given organization, it might 
be a wiser policy to discard the ratings,altogether than to 
attempt to use them without this information. 


Suggestions for Improving a Merit Rating Program 


Many of the facts discussed in the preceding pages of this 
chapter may be put to practical use by deriving from them a 
number of suggestions for installing and operating a merit- 


rating system. Some of the more important suggestions are 
summarized below: 


1. Train the Raters.*! Rating people is a skill, and one that is 
not easy to learn. Good production men and even good supervisors 
are not necessarily good raters wnless they have been taught how to rate. 
Even at best, rating is subjective and personal. Prejudice and 
bias can never be completely removed, and in the al 
ing they may completely distort many merit ratin 
that have had all raters attend a systematic training program of 
from six to eight hours before making any ratings have found, with- 
out exception, that the time and money spent on this training was a 
good investment. 
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Subjects covered in the training of raters include: 


a) The “halo effect ’’—what it is, how it affects ratings, and how 
to avoid or reduce it. 

b) The importance of basing ratings, whenever possible, on facts 
rather than on opinion. In rating a man's production, 
specific instances when he failed to meet expected production, 
for example, are always more convincing than the simple 
statement, "production below par." Very often, specific 
instances can also be cited in support of ratings on co-opera- 
tion, judgment, quality, and so on. 

c) The necessity for the rater to make up his own mind and to 
refuse to be influenced by others. When a man has been 
transferred into a new department, it is not uncommon for 
the reaction of his former supervisor to his work to accom- 
pany him, and so, perhaps, to prevent him from getting off to 
a fair, fresh start. If his new supervisor rates him on the 
basis of his former supervisor's judgment, it is possible or 
even probable that the rating will not adequately reflect his 
performance on his new job. 

d) 'The importance of using the whole spread on each item or 
trait. If a forced distribution system is used, the meaning 
of the guidepost percentages should, of course, be thoroughly 
covered in the training. But even if a chart system is used, 
it is important for the raters to realize that the whole spread 
of the traits should be used if the system is to operate 
effectively. 


2. In addition to training as such, another procedure that 
increases the accuracy of ratings is to have them made in conference 
or under supervision. Adoption of this system does not mean that 
supervisors confer with each other about their men while the ratings 
are being made, but only that the ratings are made while the raters 
are gathered for this purpose under the guidance of someone thor- 
oughly familiar with the system. By the use of this procedure, 
several difficulties will be avoided. Careful thought will be given 
to the problem, and the hasty checking that often takes place if the 
supervisor is expected to “find the time" to make the ratings will be 
eliminated. ; i 

3. After the ratings have been made, be extremely cautious in 
comparing the ratings of men in different departments or on different 
jobs. The need for this caution is brought out on page 353. Unless 
a correction has been made for a man’s job, it is unfair to compare 
with ratings of men on different jobs. 


sisrating he ratings in terms of actual job demands. A man 
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that particular organization. The only way an organization 
may determine this is to make a set of analyses similar to 
those reported in the preceding sections. Such a procedure 
may be objected to on the grounds that it would involve more 
labor, and perhaps expense, than merit ratings are worth. 
It is entirely possible that this is true. But, if one is to obtain 
merit ratings that are to be used in evaluating employees, it 
is not fair either to management or to the employees rated to 
use ratings when it is not known definitely what factors have 
influenced them. If it is not possible to determine what 
these several factors are in any given organization, it might 
be a wiser policy to discard the ratings, altogether than to 
attempt to use them without this information. 


Suggestions for Improving a Merit Rating Program 


Many of the facts discussed in the preceding pages of this 
chapter may be put to practical use by deriving from them a 
number of suggestions for installing and operating a merit- 


rating system. Some of the more important suggestions are 
summarized below: 


1. Train the Raters.?! Rating people is a skill, and one that is 
not easy to learn. Good production men and even good supervisors 
are not necessarily good raters unless they have been taught how to rate. 
Even at best, rating is subjective and personal, Prejudice and 
bias can never be completely removed, and in the absence of train- 
ing they may completely distort many merit ratings, Companies 
that have had all raters attend a systematic training program of 
from six to eight hours before making any ratings have found, with- 


out exception, that the time and money spent on this training was a 
good investment. 
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rather than on opinion. in rating a man’s production, 
specific instances when he failed to meet expected production, 
for example, are always more convincing than the simple 
statement, “production below par.” Very often, specific 
instances can also be cited in support of ratings on co-opera- 
tion, judgment, quality, and so on. 

c) The necessity for the rater to make up his own mind and to 
refuse to be influenced by others. When a man has been 
transferred into a new department, it is not uncommon for 
the reaction of his former supervisor to his work to accom- 
pany him, and so, perhaps, to prevent him from getting off to 
a fair, fresh start. If his new supervisor rates him on the 
basis of his former supervisor’s judgment, it is possible or 
even probable that the rating will not adequately reflect his 
performance on his new job. 

d) The importance of using the whole spread on each item or 
trait. If a forced distribution system is used, the meaning 
of the guidepost percentages should, of course, be thoroughly 
covered in the training. But even if a chart system is used, 
it is important for the raters to realize that the whole spread 
of the traits should be used if the system is to operate 
effectively. 


2. In addition to training as such, another procedure that 
increases the accuracy of ratings is to have them made in conference 
or under supervision. Adoption of this system does not mean that 
supervisors confer with each other about their men while the ratings 
are being made, but only that the ratings are made while the raters 
are gathered for this purpose under the guidance of someone thor- 
oughly familiar with the system. By the use of this procedure, 
several difficulties will be avoided. i Careful thought will be given 
to the problem, and the hasty checking that often takes place if the 
supervisor is expected to “find the time" to make the ratings will be 
eliminated. 5 

3. After the ratings have been made, be extremely cautious in 
comparing the ratings of men in different departments or on different 
jobs. The need for this caution is brought out on page 353. Unless 
a correction has been made for a man’s job, it is unfair to compare 
his rating with ratings of men on different jobs. 

4. Interpret the ratings in terms of actual job demands. A man 
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should not be penalized because a rating shows him to be weak in 
some ability that his job does not require. ` 

5. Avoid the use of numerical values, which give to ratings an 
appearance of greater accuracy than they in reality possess. The 
reason for this caution is discussed on page 350. 

6. It is ordinarily wise to omit from the chart factors concerning 
which objective information can be obtained without using ratings. 
If production records are available, it is better to use these in 
evaluating the production of an employee than to rely on a super- 
visor's judgment. The same thing is true of quality of work, if an 
actual record of rejects or waste material is available, and of health. 
A supervisor can judge whether a man looks healthy or acts healthy, 
but it is the job of a physician to determine whether he really is 
healthy. 


7, Avoid pooling poor ratings with good ones. The use of one 


satisfactory rating is better than the pooling of many, if some of 
those pooled are likely to be in error. This subject is discussed on 
page 346. 

8. A final suggestion relative to the most effective use of merit 
ratings based on the chart system, or indeed, of merit ratings based 
on any system, is to make use of all possible supplementary informa- 
tion to be obtained from other sources. A very great deal of 
information about the performance of employees often remains 
unassembled and unused in many plants. Information on acci- 
dents and hospital visits, absenteeism, training time and costs, 
production, quality, and so forth, frequently is available, and ean be 
very helpful in interpreting or supplementing merit ratings. Job- 
information tests are also being found useful by a number of plants 
as one of the tools to be used in upgrading and promoting. In some 
companies the union has endorsed the use of tests for this purpose 
when merit ratings alone were not accepted. In a grievance hear- 
ing, an unsupported merit rating presented to an arbiter as reason 
for an alleged discrimination against an employee with seniority is 
usually very difficult to justify. But a me 


y. J rit rating supported by 
one or more test scores on job-information tests or by records 


covering production, quality, and so forth, often forms a persuasive 
and conclusive case. 

Merit ratings serve their purpose most effe 
conjunction with all available additional i 
employee's performance on the job. Meri 
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ble sources of difficulty discussed in the pr 
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Wages and Job Evaluation 


Ir 1s unnecessary to point out to the readers of this book 
that wages constitute one of the most persistent problems in 
the whole field of labor-management relations. Since unions 
first expressed their demands, an insistence on a higher gen- 
eral wage level as well as on certain other wage adjustments 
has characterized a majority of labor-management disputes. 
The importance of monetary demands by organized labor has 
not lessened in recent years, even though more non-monetary 
demands are being made now than in the past. An analysis 
of 2,055 union demands made in a sample of 821 dispute cases 
coming before the National War Labor Board during the 
years 1942-44 revealed that 910, or 44 per cent, of the 
demands involved monetary issues. A partial summary of 
this work has been published by Tiffin and Lawshe! and is 
reproduced in Table 33. The results tabulated show some- 
thing of the variety of ways in which monetary demands may 
be made. The results also show that the percentages of 
“attained” and "partially attained" demands (even during 
the operation of a nation-wide wage ''freeze") are sufficiently 
high to indicate that labor’s arguments were considered rather 
persuasive by the members of the War Labor Board. 

These facts suggest that we should carefully scrutinize the 
field of psychology (as well as such fields as economics and 


. sociology) in the hope of finding a body of fact, or perhaps a 


technique or method, that will help us to arrive at a fair solution 


1 Joseph Tiffin and C. H. Lawshe, Jr., “War Labor Board Decision Trends,” 


Personnel, XXII (1945), pp. 78-83. i 
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of labor-management monetary disputes. Unfortunately, 
there does not seem to be any single method, acceptable to both 
labor and management, that may be applied to give a clear- 
cut solution to all wage disputes. The problem is not like 
one in arithmetic or mathematics, where, in seeking to find 
the square root of 63, anyone who knows the method will 
arrive at 7.936 as the answer, because there 7s no method of 


TABLE 33 


NamI0NAL War Lasor Board Disposition oF 910 MoxETARY DEMANDS MADE 
BY Unions IN 821 DiseurE Cases Comine BEFORE THE Boarp 


Per Cent 


PerCen; Pet Cent Attained Pet 


Type of Demand Partially Cent 


Attained ‘Attained gy Refused 

Wages, minimum rates..........- 63 11 74 22 
Wages, hiring rates...... 50 17 67 25 
Wages, substandard rates Jt 47 _29 76 24 
Bonus payments........- sa (50 18 64 36 
Severance pay..... 44 13 57 S 31 
Wage adjustments. . . 44 28 72 27 
Wages, inequalities... . a 43 26 69 28 
Wages, going wage rates.......... 42 22 64 36 
Wages, cost-of-living adjustment. . 38 29 67 30 
Wages, incentive wage system..... 37 23 60 37 
Wages, trainee rates. ....... " 36 28 64 36 
Premium wage rates. . 34 27 61 38 
Wage differentials. 31 33 64 36 
Wages, job rates. "T 23 15 38 m 5d 

TOTA erna cepa i es eet 41 26 67 d 31 


solution that is acceptable to both labor and management." 
But there are certain factors that have traditionally affected 
wage rates, and an understanding of some of the most, influ- 
ential among them will: help not only in developing a harmo- 
nious labor-management relationship but also in sho 
both parties the vital importance of accepting some sy 
method in the setting of wage rates. 

Factors affecting wages can be divided into two broad 
(and sometimes overlapping) classes: namely, 


wing to 
stematic 


those affecting 
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general (i.e., community and industry) wage levels and those 
affecting wage rates for different jobs within a plant. 


Factors Affecting General (Community and Industry) 
Wage Levels 


Supply and demand 


When no governmental or social restrictions on wages are 
in effect, the law of supply and demand has traditionally 
exercised a marked effect on wage levels. When labor is 
abundant, wages decrease; when labor is scarce, wages rise. 
Many managements which formerly allowed the operation 
of this principle to affect their wage structure have recently 
become more and more reluctant to follow the dictates of 


.this “law.” By paying an extremely high wage at times 


when labor is scarce, management has found that it has 
had trouble in meeting cost standards, and has been faced 
with a real difficulty in explaining the reason for wage reduc- 
tions when the inevitable cut-back becomes necessary. 
And, conversely, it has found that the hidden costs in the form 
of employee dissatisfaction and pent-up resentment that 
result from the payment of a low wage when labor is abundant 
often overbalance, in the long run the savings in wages. In 
general, management as well as laboreis becoming less and 
less dependent on the so-called **law" of supply, and demand 
as a basic factor in determining wage rates. 


Governmental wage controls 

Governmental wage controls fall into two major types, 
minimüm rate and maximum 'rate* restriction. The first 
type is illustrated by the Fair Labor Standards Act of 1938. 
This law provides that certain minimum wages (the minimum 
varying with the industry, locality, and date) must be paid 
by all companies engaged in interstate commerce or in the 
production of goods for interstate commerce. The setting of 
maximum wage rates by governmental order is illustrated by 
the directives of the Wage Stabilization Section of the 
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National War Labor Board during World War II. Maximum 
rates were set to prevent the monetary inflation that would 
inevitably have resulted if wages had been unlimited while 
most of the productive facilities of the country were engaged 
in production for war rather than for civilian consumption. 


Civic relations of the company 

Some companies have traditionally paid a higher wage 
than the prevailing rates in their locality in order to foster the 
continued good will of workers in the community. A com- 
pany eannot, of course, follow this policy unless it is in a 
competitive position in the manufacture of its product that 
will permit such expenditures for wages. Companies that 
have been able to follow this policy have frequently built for 
themselves a status in the community that has minimized 
certain problems in employment experienced by other 
companies in the locality. 


Cost of living 


This is a factor that has been considered systematically 
by some companies in determining general wage levels. 
Yoder? discusses the use of cost-of-living indices for this 
purpose, and mentions several companies that employ this 
method of wage adjustment. He also analyzes a number of 
cost-of-living indices and discusses the advantages and 
limitations of each as a basis for general wage adjustments. 


Regional and industrial differentials in workers’ earnings 


Closely related to figures on cost of living are variations 
in the general level of workers’ earnings in different. com. 
munities or localities. Workers living in cities where ma " 
are relatively high, the cost of transportation to and ic : 
work is great, and other incidental expenses ar "oy 


BRE e 1 
ately large, are traditionally paid, by most proportion- 


companies, a 


? Dale Yoder, Personnel Management and Lab, ; 
iei es jte. abor Relations (Prentice-Hall, 
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higher general wage than workers with the same skills 
employed in smaller and more rural areas. This tendency 
has, at times, caused rural employees to feel that they are 
underpaid. However, in terms of ‘‘real wages," i.e., what 
the money will buy, it is sometimes true that urban workers 
are paid less in spite of their seemingly greater wages. 


Strength of organized labor 

When labor is organized and is directed by strong leader- 
ship, increases of general wage levels are sometimes obtained 
as a result of union-management negotiations. This state- 
ment does not mean that the strike, as such, is necessarily a 
device that should be thought of as the sole factor in deter- 
mining wage levels. Any or all of the factors mentioned 
previously may operate as influencing factors, whether with 
or without the presence of organized labor. Nor does it 
mean that only through the strike is a responsible union 
leadership likely to exert any influence upon the wage policies 
of a company. The mere process of modern collective 
bargaining, as described by Hill and Hook,* sometimes 
results in a degree of understanding by management of labor’s 
point of view that brings about certain wage adjustments, 
just as it sometimes results in a degree of understanding by 
labor of the problems of management that causes a with- 
drawal of certain wage demands. 


Costs of production 

Whatever may be a company’s point of view toward any 
or all of the factors, mentioned above, that may have an 
effect upon the general wage level, the cost of production in 
relation to selling price must, of necessity, always set a ceiling 
on the wages that can be paid by any company that intends 
to remain in business. No company can follow for long a 
wage policy that requires a labor expenditure of $1.10 on a 


3Lee H. Hill and C. R. Hook, Jr., Management at the Bargaining Table 
(McGraw-Hill Book Company, 1945). 
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commodity that must be sold (either because of competition 
or because of price ceilings) for $1.00. Obvious as this 
limiting factor may appear, it has not always been kept 
properly in mind by certain groups that have attempted to 
set wages in terms of one or more of the factors previously 
discussed without considering the selling price of the product. 
The factors mentioned above have been discussed to 
bring out the fact that many elements, several of which are 
not an immediate concern of the psychologist as such, exercise 
an important influence in determining general wage levels. 
In any specific plant situation, several of these factors usually 
operate simultaneously, and are of varying relative impor- 
tance depending upon the conditions operating at that time. 


Factors Affecting Wage Rates Within a Plant 
In addition to the factors that influence wages in general, 
certain additional factors operate predominantly to affect 
the relative wages of men or women on specific jobs within 
the plant. 


Incentive versus hourly paid jobs 


The earnings of employees working under an incentive 
wage plan (which provides that they be paid in proportion to 
their production) are often different from those of employees 
on the same or equivalent jobs who are paid by the hour. 
Indeed, incentive plans of wage payment are frequently 
installed for the purpose of increasing production, an inerease 
which results in concomitant increases in the earnings of the 
employees. The installation of a suitable incentive plan for 
any given job or group of jobs is a matter of primary concern 
to the industrial engineer rather than to the industrial 
psychologist. Many variations of the basic incentive princi- 
ple are found in the incentive plans of wage payment used by 
modern industry. Yoder! has summarized and described a 


* Yoder, op. cit., pp. 390 ff. 
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number of the more widely used incentive systems. A 
discussion of these plans would go beyond the scope of this 
book. 


Non-financial incentives 


Certain jobs are considered by many employees to be 
desirable for social or similar reasons, rather than for the 
wage paid to employees on these jobs. When this situation 
exists it is not uncommon to find the rates for such jobs set 
somewhat lower than are those for other jobs which require 
approximately the same level of ability, experience, or skill. 
Employees are often willing, or even anxious, to be assigned 
to such jobs because of the recognition or status involved, 
even though the actual monetary return is somewhat less 
than that from other jobs. Under the operation of any 
standard job evaluation system, such as will be described 
later, the importance of this factor in determining rates is 
usually minimized or even eliminated, but in the absence of a 
job evaluation system it sometimes exercises a marked effect 
upon certain rates within a plant. 


Discrimination against women and other groups 


Until quite recently certain plants followed a wage policy 
which permitted different rates to be paid to women on the 
same, or approximately the same, job asmen. This practice 
was usually justified by the belief that women, because of their 
limited strength and physique, were unable or should not be 
asked to do all of the things that men on the same jobs were 
accustomed to doing. With the passage of recent social 
legislation and with the increased use of standard job evalua- 
tion systems, however, it has become necessary that a real 
difference in job requirements be demonstrated before a 
different rate can be set for men and women on the same job. 
Many inequalities formerly justified on this basis have 
therefore been eliminated by modern industry, and different 
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rates for men and women for the same type of work are less 
frequently encountered. In general, wage differences because 
of sex or other discriminative factors, though often encoun- 
tered a decade ago, are becoming of less and less importance. 
This circumstance is due partly to legal and social changes, 
partly to the increased social consciousness of modern Ameri- 
can management, and partly to a growing recognition of the 
fact that women and other groups formerly discriminated 
against can do many jobs in a highly satisfactory manner. 
Company policy 

A company going through the period of development 
intervening between a small organization and a large one 
usually finds itself compelled to place an ever increasing 
number of workers on a wide variety of newly created jobs 
for which specific and equitable rates have not, and could not 
have been, set in advance. In this stage of a company's 
development, there is seldom a single man or a department 
charged with the responsibility of developing and maintaining 
an all-inclusive wage structure that covers various employees 
on various jobs and in various departments. Many different 
supervisors in different departments hire men or women for 
various jobs, each one establishing within his own department 
rates that he considers fair and reasonable. Almost invari- 
ably the result of such a procedure is a set of rates for different 
jobs that are not properly and fairly related to one another. 
As the company grows and as these rates become the tradi- 
tional rates by being paid over a period of time, it is not 
uncommon to find attempts made to justify the rate schedule 
on the grounds that the rates are in conformance with *com- 
pany policy." This is only one of many illogical (and some- 
times indefensible) practices that arise during the period of a 
company's growth and that must be remedied when that 
company reaches a size that requires integration and co-ordi- 
nation of activities in various departments. A systematic job 
evaluation program, of the type that will be described later 
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in this chapter, results in the most reasonable and adequate 
solution of this problem. 


Supply and demand 


In addition to the effect that labor supply and demand 
have on the general wage level within a plant, these factors, at 
times, have influenced the rates paid for specifie jobs. For 
example, if a number of welders are needed and there are few 
men available who are qualified for this work, the welder rate 
has sometimes been raised in an attempt to get more men for 
the job. 

This method of ‘‘solving” a labor shortage in any particu- 
lar classification is really no solution at all. It does not 
create more qualified employees. At best, it can do no more 
than "drain" men from other plants in the locality, and these 
other plants, by adopting the same procedure, can rapidly 
* drain" them back. In a very short time such an interplay 
wil raise the rate for the job to an unreasonable level— 
unreasonable in terms of labor cost and also in comparison 
with other jobs requiring equivalent experience or skill. "This 
latter point is perhaps the most persuasive reason for not allow- 
ing supply and demand factors to affect rates for specific jobs. 
Once a systematic and equitable rate structure has been 
installed, rates within established brackets should never be 
changed without a formal re-evaluation of the job. "When 
fewer men for a given classification are available than are 
needed, it is advisable, both from the point of view of economy 
as well as from that of sound industrial relations practice, to 
institute a training or upgrading program to qualify men to 
fill the vacancies. 


Collective bargaining agreement 

Union contracts sometimes cover specific rates or rate 
ranges for specific jobs. 'This provision may result from the 
aetivities of a joint labor-management committee on job 


evaluation, or from a union demand for certain rates for 
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certain jobs when there is no formal job evaluation program 
in operation or when a program is in operation but the union 
has not been asked to participate in it. 

A company can usually eliminate unreasonable union 
demands with respect to certain jobs by enlisting active union 
participation in the job evaluation program. 


Job evaluation 


A systematic evaluation of all jobs within a company is 
rapidly becoming the most widely accepted method of setting 
satisfactory and equitable rates or rate ranges for various 
jobs. Job evaluation is a subject to which several methods 
and techniques of psychology have been extensively applied. 
This topic will therefore be discussed in some detail in the 
section to follow. 


Job Evaluation 

One type of job analysis, as defined briefly in Chapter 2, 
is designed to form the basis for setting equitable rates for 
various jobs. This type of job analysis is referred to as job 
evaluation. Job evaluation is the rating of jobs according to 
a specific planned procedure in order to determine the relative 
worth of each job. 

There are many reasons for the use of a systematic plan in 
setting wage rates. Without such a plan, rates will be 
affected by many of the factors previously discussed in ways 
unrelated to one another. Under such circumstances, the 
rate structure will contain many inconsistencies caused by 
rates that are not "in line." With a job evaluation plan in 
operation, inconsistency in rates is minimized and the entire 
wage structure becomes unified. 

The installation of a job evaluation program involves 
Several steps. Some of these steps are required by the 
mechanics of any system of job evaluation. Other steps, 
affecting primarily the industrial relations aspects of the 
installation, have been found expedient by various companies. 
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General Considerations in Installing and Operating 
a Job Evaluation Program 
In installing and operating a systematic job evaluation 
program, several aspects of the project should be carefully 
considered in advance. Proper steps should be taken to 
anticipate difficulties, or at least to minimize them if they 
arise. 


The job evaluation committee 

Job evaluation requires not only technical competence in 
the field (including full knowledge of the system to be used), 
but also the active and enthusiastic co-operation of men 
representing several departments of the company. The 
departments most closely concerned are those concerned with 
industrial relations, personnel and employment, industrial 
engineering, and production. The job evaluation committee 
charged with the responsibility of installing the system should 
therefore be made up of men representing the interests of each 
of these groups. As to the advisability of having formal 
representation of organized labor on the job evaluation 
committee, there are different feelings by different manage- 
ments. There is, however, rather general agreement that 
union representation on the job evaluation committee is 
advantageous so long as the recommendations of the com- - 
mittee are advisory and the committee is not given final 
authority on wage matters. The basic reason for providing 
for union representation is that union members will very 
naturally want to know “what is going on." Unless some 
provision is made for their receiving direct, accurate, and 
comprehensive information about the project, they are apt 
to arrive at an entirely erroneous conception of its purpose. 
They may conclude, for example, that the jobs are being 
studied for the purpose of “cutting wages." It is obvious 
that the program will not function properly if initiated under 
such circumstances. ! 


p 
s Hill and Hook, op. cit. 
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Provision for evaluation of new jobs 


No matter how thorough and satisfactory a job evaluation 
program is installed at the outset, provision must be made for 
continual, careful study and evaluation of new jobs as they 
are created. Jobs are not static because production proc- 
esses are not static. The job evaluation committee should 
be a standing committee, and should meet at regular intervals 
in order to keep the evaluations current with the creation of 
new jobs and elimination of old ones as production processes 
change. 


Getting jobs in line after the system is installed 


A problem that is invariably encountered when a job 
evaluation system is installed for the first time is that some jobs 
will be found ‘‘out of line.” These jobs will be of two types, 
those which have previously had too high a wage rate and 
those which previously have been set too low. 

No problem is encountered in connection with the latter 
jobs, because the rate increase indicated by the evaluation 
will of course be accepted by the employees on these jobs. 
It is just as important, however, to fit those jobs which pre- 
viously have been overpaid into the basic structure. It is 
obviously unwise, for many reasons, to adopt the policy of 
cutting these rates abruptly, and such a policy should never 
be followed (and almost never is followed) by 
ment. There are two recommended procedures to adopt to 
get overpaid jobs back ‘‘in line.” First, every effort should 
be made to upgrade employees on such jobs to other jobs 
which permit them to maintain their present rate but which 
oblige them actually, to earn it. Such upgrading may at 
times require special training. When this is the case, it is 
advisable for the company to institute the training and maks 
the upgrading as rapidly as possible. 

A second step is to hire any new workers needed for these 
jobs at the rate determined by the job evaluation. If this 
second step is taken without the first, however, different 


a plant manage- 
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employees on the same job will be paid at different rates. 
Such a situation should be eliminated as rapidly as possible, 
and should not be allowed to exist at all except for a very 
short time while the transition is being made. 


Obtaining the co-operation of supervision 


In the past, the foreman has had many of the duties and 
responsibilities that have now been taken over by other 
representatives of management. Among these functions is 
the setting of wage rates. As a result, and as in the case of 
other changes in function and duties, many supervisors do 
not always recognize the necessity of a unified wage structure 
because the very nature of their respective jobs makes it 
difficult for them to see the problems of the company as a 
whole rather than just the problems of their own departments. 
It is therefore wise for management to devote as many super- 
visory sessions or conferences as necessary to discussions of 
the job evaluation program, to a full explanation of how the 
system works, and to the relation of the plant-wide program 
to the needs of the various departments. 


Job descriptions for job evaluation 


The first task of the job evaluation committee is to obtain 
adequate job descriptions. The importance of the latter as a 
basis for personnel specifications has been emphasized in 
Chapter 2. Adequate job descriptions are also of vital 
importance for a system of job evaluation. Jobs cannot be 
evaluated properly unless their nature is fully known. Just 
as job titles by themselves are of little or no value in writing 
personnel specifications, so also job titles must be accompanied 
by full job descriptions when the jobs in question are to be 
evaluated. Moreover, a given set of job descriptions is not 
always suitable for the various types of job analysis discussed 
in Chapter 2 unless care has been taken to include all informa- 
tion required for the different uses to be made of the descrip- 


tions. Therefore, when the job descriptions are prepared, it 
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is desirable to know (a) what they are to be used for, and (b) 
what information about the jobs is needed for all of the pro- 
posed uses. When this information is secured before the job 
descriptions are prepared, the time and cost of doing this 
work over at a later time are usually saved. 


Job Evaluation Systems 


There are several kinds of job evaluation systems in suc- 
cessful operation. These systems differ from one another in 
certain respects and it is always advisable, if at all possible, 
to decide on the specific system that is to be used before the 
job descriptions are prepared. By deciding on the system 
in advance, particular care can be exercised to include in the 
job descriptions whatever specific information may be 
required by the job evaluation system to be used. 

Job evaluation systems have been classified in several 
different ways. Lytle* points out that they may be classified 
according to the method and also according to the technique 
of measurement used. This dual division of systems is perhaps 
more elaborate than is needed to summarize some of the 
basic plans now in use. We will therefore discuss certain 
plans which fall under four general groupings, as these cover 

` the more widely used plans now in operation. 


1. Scaling of jobs by comparing entire jobs 

The simplest application of this method is through the 
principle of ranking. Under this plan, all jobs are ranked and 
placed in a continuum from highest to lowest. The ranking 
should be done by a person or committee familiar with all of 
the jobs. In a large plant, where several hundred jobs must 
‘be evaluated, this necessary familiarity is seldom possessed 
by any single person, or even by a group of persons. This 
fact is one of the most serious obstacles encountered in the 
use of the ranking system. It can be minimized to some 


* C. W. Lytle, Job Evaluation Methods (The Ronald Press Company, 1946). 
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extent by having each rater rank only those jobs with which 
he is thoroughly familiar. Then, by a comparison of rankings 
given jobs common to several raters' lists, it is usually pos- 
sible to establish key points in devising a scale that will 
include all jobs. 

The reliability of rankings can be increased by using 
various psychological techniques, the value of which has been 
proved. Among these are the use of the method of paired 
comparisons (in which the rater compares each job with every 
other job) and the pooling of rankings of several raters to 
obtain average rankings. 


9. Scaling of jobs by comparing components of each job 


This method is ordinarily known as the factor comparison 
method. It has been described in detail by Benge, Burk, 
and Hay.’ In this method, fifteen or twenty “key jobs" 
are first selected. These are jobs which have present rates 
not subject to controversy and which are considered by the 
job evaluation committee to be neither underpaid nor over- 
paid. These jobs are compared with respect to factors 
common to all jobs. The factors used in the Benge, Burk, 
and Hay system are: 

Mental Requirements 
Skill Requirements 
Physical Requirements 
Responsibility 
Working Conditions 


The ‘‘key jobs” are ranked in order on each of the factors 
mentioned, and all appear in each of the lists. The rankings 
are made independently by approximately ten raters, and are 
made three times by each rater, with periods of approximately 
one week intervening between each rating. The present or 
typical salary of each “key job” is then divided into five 


7 E. J. Benge, S. L. H. Burk, and E. N. Hay, Manual of Job Evaluation, 
fourth edition (Harper and Brothers, 1941). - 
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parts in proportion to the relative importance of the five 
factors as determined from the ratings. From these steps 
results a “‘yardstick” scale based on the key jobs. This scale 
is then used in evaluating the remainder of the jobs in the 
company. Each job is compared with the key jobs with 
respect to each factor and is given a value for that factor. 
Adding the values thus obtained for each factor results in a 
total point value for the job. This is the value later used in 
converting the job evaluation results to a monetary scale to 
be described later. 


3. Comparison of entire job with a predetermined scale 


In the operation of this method, a series of job level 
classifications or brackets is set up by management or by the 
committee charged with this function. Each job is then 
assigned to one of the grades. The system is illustrated by 
such classifications as junior clerk, senior clerk, principal clerk, 
and so forth, used in the civil service system. In operation, 
this plan usually results in the grade location of each job 
being determined largely by the rate which it carried before 
the job evaluation was made. The plan thus involves a 
tendency to perpetuate any such inequities as may have 
existed at the outset. 


4. Comparing job elements of each job with a predetermined 
point scale 

This plan, in one of its many variations, is the most widely 
used system of job evaluation. It is well illustrated by the 
system used by the National Electrical Manufacturers 
Association (ordinarily referred to as the NEMA system). 
The same system is also used by the National Metal Trades 
Association. This system requires that each job be studied 
in terms of each of eleven characteristics, and that one of five 
degrees of each of these characteristics be assigned to the job. 
The eleven characteristics with the points corresponding to 
each degree of each are summarized in Table 34. 
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TABLE 34 
Jos CHARACTERISTICS AND Pornr VALUES CORRESPONDING TO VARIOUS 
Decrees or EAcH UsED IN THE Nationat METAL TRADES Associ- 
ATION JoB EVALUATION SYSTEM 


POINTS ASSIGNED TO FACTORS AND KEY TO GRADES 


Fact First |Second| Third | Fourth| Fifth 
BLOTS: degree | degree | degree | degree | degree 
Skill 

1. Education. s.. +. eoe 14 28 42 56 70 

2. Experience.. 22 44 66 88 110 

3. Initiative and ingenuity... . . 14 28 42 56 70 
Effort 

4. Physical demand........... 10 20 30 40 50 

5. Mental or visual demand.... 5 10 15 20 25 
Responsibility 

6. Equipment or process....... 5 10 15 20 25 

7. Material or product. . 5 10 15 20 25 

8. Safety of others. ... : 5 10 15 20 25 

9. Work of others........ s 5 15 25 
Job Conditions 

10. Working conditions......... 10 20 30 40 50 

11. Unavoidable hazards........ 5 10 15 20 25 


The meaning of each “degree” is clarified by specific 
“degree” definitions, which are an integral part of this 
system. For example, in the National Electrical Manufac- 
turers Association system, the “degree” definitions for the 
various amounts of experience required by the job are as 


follows: 


Degree Amount of Experience Points 
1 Up to three months 22 
2 Over three months up to one year 44 
3 Over one year up to three years 66 
4 Over three years up to five years 88 
5 Over five years 110 


Similar “degree definitions" are included for the various 
degrees of the remaining ten factors or characteristics. This 
plan has been specifically constructed for the evaluation of 


shop jobs. A similar system, encompassing a different list of 
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factors, has been designed for the evaluation of salaried 
positions; it provides for the rating of salaried jobs on the 
following factors: education, experience, complexity of duties, 
supervision received, errors, contacts with others, confidential 
data, mental or visual demand, working conditions, character 
of supervision, and scope of supervision. The last two are 
used only when supervisory duties are involved, which means 
that all jobs that do not include supervisory duties automati- 
cally receive zero points on these two factors. 

Under the operation of this kind of plan, each job receives 
a total number of points (the sum of the points received for 
each characteristic). These total point values are then used 
in setting up the monetary wage scale. 


Converting Job Evaluation Results to a Wage Scale 


Whatever job evaluation system is used, the result is a 
grading of all jobs according to the principles and assumptions 
involved in the plan. Ordinarily this grading is entirely 
completed before any reference is made to the wage or mone- 
tary aspect of the work, although in some plans the original 
evaluations are made in terms of cents rather than points. 
The experience of most men in this field has shown that 
original evaluation in terms of cents is inadvisable, because 
persons on the job evaluation committee are less likely to 
evaluate jobs on an impartial basis if they think in terms of 
cents per hour than if they think in terms of points, the cent 
value of which has not yet been determined. 

After the evaluations have been completed, however, it is 
necessary to convert the results into money in order to build a 
wage structure. A simple and generally satisfactory method 
of making this conversion is through the use of key jobs that 
are common to various plants in the locality. For example, 
the jobs listed in Table 35 might be found in several plants in a 
given locality as well as in the plant that is revising its wage 
structure through a comprehensive job evaluation program. 
Table 35 also gives for each of the ‘‘common jobs” the total 
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points for the job and the “going rate" for the job in the 
locality. 

The point values of the jobs listed in Table 35 are plotted 
against the ‘‘going rates” for these jobs. The result is 
illustrated in Figure 120.’ A line is then drawn so as to show 
the relationship between points and money. This line may 
be fitted by the method of least squares? if great accuracy is 


TABLE 35 
TYPICAL JOBS THAT MIGHT BE USED IN CONVERTING JOB EVALUATION RESULTS 
TO A WAGE STRUCTURE 


i eaa] 

Jobs Common to Several Plants Job Evalu- Local 

in the Locality ation Points | “Going Rate” 
Tool inspector... ttn 321 1:45 
Engine lathe operator. -+--+ € 277 1.20 
Makis sane i ap pner eene ton ris T 280 1.36 
Millwright... 301 1.45 
Pipefitter 289 1.40 
Punch press operator... - +--+ 2-95 * 204 1.05 
POOL THREE. dec v» nieeiistm rtr umo nns ba 344 1.60 
Parts wrapper... erer te án SR 97 .60 
TEETE Re arse iles oniemutas «i URS Fa Ste enc s 110 65 
dorem... ipe spots wo deg EE peint 136 70 

— 
desired. For practical use, however, a line drawn in by 


inspection of the points is usually sufficiently accurate. 
From this line, one may read directly the appropriate rate in 
cents per hour for all other jobs that have been evaluated. 
Many of these other jobs will be unique to the plant in ques- 
tion and will not be found in other plants in the locality. 
The use of a chart such as the one illustrated in Figure 120 
provides for setting appropriate rates for all jobs so as to form 
a consistent wage structure. 

Inspection of Figure 120 suggests that every slight differ- 
ence in points results in a corresponding difference in hourly 
rate. In practice, most companies (and unions) feel that the 
inherent lack of perfect accuracy in the judgments that 


8 Karl J. Holzinger, Statistical Mi ethods for Students in Education (Ginn and 
Company, New York, 1928), pp. 321 ff. 
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underly a set of job evaluations makes it desirable to bracket 
together jobs of approximately the same point value and to 
consider these jobs as equal in setting up the wage structure. 
This bracketing results in so-called labor grades. The number 
of labor grades found in specific wage structures varies from 
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CURRENT RATE IN CENTS PER HOUR 
Fie. 120—Job evaluation points of typical “key” jobs 
plotted against the “going rate" for the jobs in the locality. 


around eight or ten to twenty or twenty-five. The tendeney 
of most current union demands in wage contract negotiations 
is to favor a relatively small number of labor grades. 

When the jobs have been bracketed in labor grades, 
provision is usually made for wage increases within each labor 
grade, as illustrated in Figure 121. Various procedures have 
been used in granting wage increases within labor grades, as 
well as in upgrading employees to higher categories. Some 
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companies use an automatic acceleration schedule under 
which specified increases automatically become effective 
after a specified period of time on the job. This principle is 
employed most frequently in the lower labor grades and with 
new employees, but it is also sometimes used at higher levels 
in the wage structure. A systematic merit-rating program 
is also used by some plants as a means of identifying employees 
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Fic. 121—Grouping of jobs into labor grades, with the range of rate of each grade. 


who are eligible for a wage increase under the prevailing wage 
structure. . 

The particular method that is followed in making wage 
increases has often been the subject of bitter controversy 
in union-management contract negotiations. Unions fre- 
quently demand rigid acceptance of seniority as the basic 
determining factor, and the company as frequently contends 
that proper managerial responsibility requires the granting of 
wage increases upon the basis of proved merit rather than upon 
that of mere time on the job. Some companies have used 
job qualification tests for the upgrading of employees, not 
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only within a given labor grade but from one labor grade to 
another. The Northwest Airlines has in operation such an 
upgrading program based on paper-and-pencil, as well as 
performance, tests under terms of a contract with the union 
concerned, the Air Line Mechanics Association. The use of 
tests as one of the tools for upgrading offers the dual advan- 
tage of assuring members of the bargaining unit that qualified 
men will be given proper consideration, regardless of their 
seniority, and of assuring the company that unqualified men 
will not automatically be given promotions with tenure on 
the job, irrespective of proved ability. 


Weighting of Items in Job Evaluation 


Under a job evaluation system, such as the NEMA plan, 
itis usually considered advisable to assign different weightings 
to the several characteristics. The weights used are based 
upon the experience and judgment of men charged with the 
responsibility of creating and installing a usable system. 
In the operation of many plans, different weights are given 
to the various characteristics by allowing a different maximum 
number of points for the several items. 

In the NEMA system the weights assigned are as sum- 
marized in Table 36. In actual operation, the functional 
weightings are determined by the variability of spread of the 
ratings on each trait. Thus, if the variabilities of the item 
values were to differ in proportionate value from the maximum 
values assigned, the actual weightings would not follow the 
assumed weightings. It is interesting to note, also in Table 
36, that in three plants the functional weightings computed 
from variability measures agree rather closely with the weights 
based on the assigned maximum values. The variable 
maximum value technique of assigning weights, therefore, 


? Trade Test Standard Manual for Written and P 7 
Department, Training Division, Trade Testing Seen caet a Personnel 
Inc., Minneapolis, Minnesota. z western Airline 

10 See Appendix A, page 501. 
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would seem to be a fairly effective, as well as a simple, method 
of giving any predetermined set of weights to the factors 
involved. 

TABLE 36 
WEIGHTS or ELEVEN Factors ASSUMED BY MAXIMUM VALUES OF ITEMS IN THE 


NEMA SvsrEM, AND FUNCTIONAL OPERATION OF ACTUAL WEIGHTINGS 
IN THREE PLANTS 


PERCENTAGE 
WEIGHTS OPERATING 
PERCENTAGE IN SYSTEM IN 
WEIGHTS ASSUMED THREE PLANTS 
ITEM BY MAXIMUM 
Varuers or NEMA 
peren Plant | Plant | Plant 
A B Cc 
Education................. 14 18 17 13 
senf Experience ste 22 26 27 26 
Initiative and Ingenuity..... 14 16 15 14 
Physical Demand.......... 10 6 7 8 
Ef ort otal or Visual Demand. . 5 4 3 B 
Equipment or Proc- 
[. EE 5 5 5 4 
Responsibility 4 Material or Product 5 5 3 4 
Safety of Others... . 5 5 4 6 
Work of Others... . 5 4 7 4 
Working Condi- 
F PONE TO 10 8 9 8 
Job Conditions) Ga voidable 
Hazards........ 5 3 3 8 


Statistical Studies of Job Evaluation Plans 


Any one of the methods of job evaluation results in a 
reasonably consistent set of evaluations. of the various jobs 
studied. Each is based upon certain assumptions, which 
differ from plan to plan, and no one system should be con- 
sidered to be an “‘exact science,” as Lytle has pointed out. 
As long as any systematic plan is followed that provides for 


11 Lytle, op. cit., p. 4. 
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all jobs to be studied in terms of the same assumptions and the 
same other stipulations (such as weights for the factors 
involved), the result is far more satisfactory than a wage 
structure that has grown piecemeal, without integration. 

The choice of which system to use is not, therefore, a 
problem of choosing from among several plans, only one of 
which can be correct, all the others being wrong. There are 
both practical advantages as well as disadvantages to every 
system, and any one plan that is installed with care is almost 
certain to be better than no plan at all. However, the time 
and expense involved in installing and operating a job 
evaluation system are such that it is advantageous to use a 
method that wil accomplish the desired result with a mini- 
mum of labor, if the results obtained from a simple system are 
equivalent to those that would result from a more complex 
one. 
Certain basic methods of psychology are ideally adapted 
to a quantitative study of job evaluation systems. These 
methods have been applied in a series of studies reported by 
Lawshe and his collaborators.? Since the NEMA point 
system (or a system basically the same) has been more 


7 C. H. Lawshe, Jr., and G. A. Satter, “Studies in Job Evaluation: I 
Factor Analyses of Point Ratings for Hourly-Paid Jobs in Three Ind zt a 
Plants,” Journal of Applied Psychology, XXVIII (June, 1944), pp. 189 iM 

C. H. Lawshe, Jr., “Studies in Job Evaluation: II. The A equae: t. Abb 
viated Point Ratings for Hourly-Paid Jobs in Three Industrial Phas » J bre- 
of Applied Psychology, XXIX (June, 1945) pp. 177-184, a Qum 

C. H. Lawshe, Jr., and A. A. Maleski, “Studies in Job E TS 
Analysis of Point Ratings for Salary Paid Jobs in an pA nr. Hen: 3. An 
of Applied Psychology, XXX (April, 1946), pp. 117-198. ant," Journal 

C. H. Lawshe, Jr., and Salvatore L. Alessi, "Studies ; " 
IV. Analysis of Another Point Rating Scale for Hoin Pan o Evaluation: 
Adequacy of an Abbreviated Scale,” Journal of Applied P obs and the 
(August, 1946), pp. 310-319. sychology, XXX 

C. H. Lawshe, Jr., and R. F. Wilson, “Studies į j A 
Analysis of the Factor Comparison System as It Funct, Dvaluation: 5. An 
Journal.of Applied Psychology, XXX (October, 1946), pp 426-43 Paper Mill,” 

C. H. Lawshe, Jr, and R. F. Wilson, “Studies in Job Evapa 
Reliability of Two Point Rating Systems,” Journal of A ocn: VI. The 
XXXI (August, 1947). pplied Psychology, 


WAGES AND JOB EVALUATION 385 


frequently used than any other,!* Lawshe first made certain 
statistical analyses of the results of several NEMA point 
system installations to determine whether approximately the 
same results could have been obtained by the use of a simpli- 
fied system involving fewer characteristies to be rated. 
Using a standard statistical technique,“ a determination 
TABLE 37 


CORRELATIONS OBTAINED BETWEEN RATINGS ON SELECTED ĪTEMS AND TOTAL 
Porvr RATINGS IN THREE PLANTS 


Correlation with 
Selected Rating Scale Items Total Points Based 
on 11 Items 


Plant A: 
Experience (or learning time)...............Luuuuuu. .96 
Experience (or learning time) plùs hazards... .97 
Experience (or learning time) plus hazards plus educa- 
tion .98 
Plant B: 
Experience (or learning time) 93 
Experience (or learning time) plus initiative 95 
Experience (or learning time) plus initiative plus re- 
sponsibility for the safety of others................ .96 
Plant C: 
Experience (or learning time)....................... .86 
Experience (or learning time) plus hazards. . .91 
Experience (or learning time) plus hazards plus in .93 


was made of which single factor, which two factors, which 
three factors, and so on, give point ratings that correlate 
highest with the total point ratings. The results obtained 


13 A survey conducted in December, 1944, and reported by Lytle (op. cit., 
p. 13) showed that 38 of 51 companies surveyed were using job evaluation. 
Among these 38 companies: 
24 were using a point system 
8 were using a factor comparison system 
5 were using a ranking system 
1 was using an unclassified system 


14 The Wherry-Dolittle Technique, one of the basic statistical methods used 
for this purpose, is described by W. H. Stead, C. L. Shartle, et. al., Occupational 
Counseling Techniques (American Book Company, 1940), pp. 245 ff. 
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in three different plants using the NEMA system (or a slight 
modification of it) are summarized in Table 37. 

: In each case the correlations obtained between the most 
influential three characteristics and the total points deter- 
mined from all eleven factors were so high that the contribu- 
tion of the remaining eight factors was negligible. 
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The facts summarized in Table 37 show that experience 
(or learning time) is the most important single factor in 
determining the total points for the jobs evaluated in all 
three of the plants. It will also be noted that hazards appear 
among the most important three factors in two of the plants, 
as does initiative. The results further show that three job 
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characteristics give results which, for all practical purposes, 
are statistically equivalent to those obtained from the use of a 
more extensive system. 

Figure 122 is a graphic representation of the results 
obtained in Plant A showing the accuracy with which the 
total points for each job can be predicted from a knowledge of 
the points assigned on only three characteristics, namely, 
experience, education and hazards. 


TABLE 38 
DISCREPANCIES BETWEEN TorAL PorxT RATINGS (ELEVEN IrEMs) AND RATINGS 
COMPUTED FROM THREE ITEMS FOR PLANT A 


NO. OF JOBS BY LABOR GRADE DISPLACEMENT 
POINTS OF 5 
DEVIATION Displaced isplaced 
is Tabor One Labor Two Labor All Jobs 
TAAS Grade Grades 
0-4 68 9 77 
5-9 48 27 75 
10-14 20 28 48 
15-19 11 21 32 
20-24 6 2 8 
25-29 4 4 
30-34 1 1 2 
35-39 1 1 
Totals 153 92 2 247 


The shaded areas in Figure 122 delineate labor grades. 
From this chart it is apparent that the vast majority of jobs 
fall in the same labor grade when evaluated on the basis of 
the stipulated three characteristics as when evaluated on 
the basis of all eleven factors. 

A summary of the effectiveness of the abbreviated three- 
factor system in Plant A in terms of number of jobs in which 
the discrepancy in placement between it and the total point 
rating is one, two, or three labor grades is shown in Table 38. 

Table 38 sbows that only seven jobs deviate from their 
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original placement by more than 24 points, the approximate 
range of points covered by one labor grade in this system. 

Lawshe and Maleski!® have reported a similar study, 
which made use of the same statistical analysis technique as 
applied to a set of approximately 400 salary job evaluations. 
The original system under which the job evaluations were 
determined was the salary job rating plan devised by the 
National Metal Trades Association. This plan requires the 
rating of each job on eleven characteristics, each character- 
istic to be valued at 5, 6, or 7 degrees. The correlations 
between results obtained from a reduced number of charac- 
teristics and total point values based upon all eleven factors 
are summarized in Table 39. 


TABLE 39 
CORRELATIONS OBTAINED BETWEEN RATINGS ON SELECTED ITEMS AND TOTAL 
Point RATINGS FOR APPROXIMATELY 400 SALARY Jons 


Correlation with Total 
Selected Scale Items Boxed aami 


-93 
.96 


.98 


In the results for salary jobs, as in those previously dis- 
cussed for shop jobs, the experience factor is shown as the 
most important single characteristic. Also as in the former 
instance, ratings based on only three characteristics are 
revealed as equivalent to those based on the larger number 
of characteristics. 

The preceding discussion has been concerned with work on 
abbreviating the NEMA point systems of job evaluation for 
shop jobs' and salaried jobs. The question may arise as to 
whether the same pattern of results would be obtained if 


5 Lawshe and Maleski, op. cit. 
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another type of point system was similarly analyzed. In 
answer to this question, Lawshe and Alessi" report a study in 
which the same type of analysis was made of ratings obtained 
with a point system differing from the NEMA system in that 
each job is rated on seven characteristics by means of more 
and finer categories or degrees for each of the factors, and 
that the point ratings are translated into “rating factors” 
by a logarithmic conversion chart for the purpose of assigning 
monetary equivalents. Table 40 summarizes the results 
obtained from this analysis. 
TABLE 40 
CORRELATION COEFFICIENTS BETWEEN RATINGS ON SELECTED SCALE ITEMS 


AND Toran Poir RATINGS OBTAINED WITH A POINT SYSTEM 
DIFFERING FROM THE NEMA System 


Correlation with Total 


Selected Items Points Based on 7 Items 


SEEM OTIS NOTRE un crar c PRO ey tn aca Se PER cet .92 
Responsibility plus manual skill....... .97 
Responsibility plus manual skill plus working con- 

OIUOTIB EE PEEN A ees a oa p siet .98 


From the correlations summarized in Table 40 it is 
apparent that the stipulated three characteristics give 
results practically identical with those obtained from the 
more elaborate system. 

After observing the results of statistical simplification of 
point systems of job evaluation, the question may be raised 
as to whether corresponding steps toward simplification of 
other kinds of job evaluation plans will be equally effective. 
A similar type of statistical analysis of the factor comparison 
system as instaled in a paper mill has been reported by 
Lawshe and Wilson." Here also the results show that a 


16 Lawshe and Alessi, op. cit. 
n a Lawshe, Jr., and R. F. Wilson, “Studies in Job Evaluation: 5. An 


Analysis of the Factor Comparison System as It Functions in a Paper Mill,” 
eal of Applied Psychology, XXX (October, 1946), pp. 426-434 
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reduced number of job characteristics gives ‘results that 
correlate almost perfectly with the total factor evaluations. 
These correlations are summarized in Table 41. 


TABLE 41 
CORRELATION COEFFICIENTS BETWEEN RATINGS ON SELECTED ITEMS AND 
Toran Porvrs OBTAINED WITH THE Factor Comparison SYSTEM oF 
Jos EVALUATION 


Correlation with 
Selected Items Original Ratings 


Skill'requirements-alone. .....-.... ise esas vue vu ss ae aus 94 
Skill plus working conditions........................... 97 
Skill plus working conditions plus mental requirements. ... 99 


From the results of the several comprehensive studies 
reported by Lawshe and his collaborators, it seems rather 
clear that job evaluation results statistically equivalent to 
those derived from more elaborate Systems can be obtained 
from a very much abbreviated plan. 


Reliability of Job Evaluation 


Any form of job evaluation is basically an attempt to 
measure the relative worth of various jobs by a process of 
individual, pooled, or committee judgments. The ratings 
obtained (regardless of the system in use) should have a 
satisfactory reliability, just as the results of any other type of 
measurement must have a satisfactory reliability, before 
usable results can be expected. Other things being equal, 
if two systems have different reliabilities, the one with the 
higher reliability should always be chosen. 

In order to estimate the reliability of the most commonly 
used point system (the NEMA plan), and also to estimate the 
reliability of a simplified point System based upon the work 
summarized in the preceding sections, a series of reliability 
Studies has been conducted and reported by Lawshe and 
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Wilson.'5 In this work, forty job descriptions of commonly 
known jobs were chosen for evaluation. Twenty men 
experienced in job evaluation made the ratings. Each job 
was rated by five men using the NEMA plan, and also by 
five other raters using a simplified plan that included only 
four items. Each rater made his ratings independently. 


TABLE 42 
RELraBILITY Data on THE NEMA Jon EVALUATION SYSTEM AND A SIMPLIFIED 
* Point System Invotyine Four CHARACTERISTICS 
NEMA System Simplified System 
(1) (2) | (3) (4) (5) | (6) 
Item F: | ts Item r5 
Respon -82| .96| Learning period...... .86| .97 
Initiative and ingenuity -| -78| .95| 
Taa ai Ki assa -77| .94| General schooling. ...| .79| .95 
Responsibility for safety of others | .54| . 85) 
Working conditions............. -54| .85| Working conditions..| .61| .89 
Responsibility for work of others.| .51| .84 
Physical demand............... .47| .82 
Responsibility for equipment or 
Processes cs 229a 9 vx Esse 41) .78 
Responsibility for materials. .40| .77 
Mental or visual demand... -37| .75 
Unavoidable hazards -+| -34| .72| Job hazards......... 51] .84 
Total Points... 5% ccs cu om wes -77| .94| Total Points....... .89| .98 


The four items included in the simplified plan were chosen 
after factor analyses had been made of several more elaborate 
systems. These items were selected to cover as fully as 
possible the basic characteristics revealed by the several 
factor analyses. 

The results of the reliability investigations of the two 
systems are summarized in Table 42. In this table, the items 


18 C, H. Lawshe, Jr., and R. F. Wilson, “Studies in Job Evaluation: 6. The 
Reliability of Two Point Rating Systems," Journal of Applied Psychology, 


XXXI (August, 1947). 
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used in the NEMA system are listed in column (1), in the 
order of their obtained reliabilities. The obtained reliabil- 
ities, listed in column (2), were obtained by computing the 
coefficient of correlation between the ratings of each rater 
and those of every other rater for each item in the list. The 
average of the correlations thus obtained was taken as the 
best estimate of the reliability of a single rater on the item. 
In column (3) of Table 42 are given the ''stepped up” relia- 
bilities, i.e., the values that should be expected if averages 
of the ratings of five raters working independently were used 
consistently. 

The four items included in the simplified system are listed 
in column (4). Each item is located so as to correspond with 
the approximately equivalent item of the longer scale. 

Columns (5) and (6) give, respectively, the obtained 
and ‘‘stepped up” reliabilities of the items of the shorter 
scale. At the bottom of the table are given the obtained 
and *'stepped up” reliabilities of the total scales. P 

It will be noted in Table 42 that the items of the shorter 
scale are all higher in obtained reliability than the correspond- 
ing items of the NEMA scale, and this is true whether one 
considers the obtained reliabilities or the “stepped up” 
reliabilities. It will be further noted that the reliability of 
the total scale is higher than the corresponding reliability of 
the larger scale. i 

The greater reliability of the shorter scale is probably due 
to the use of more carefully worded descriptions of the degrees 
of the various characteristics, rather than to the mere fact 
that a shortened scale is being used. Familiarity with the 
scale and experience with its use will not explain the results, 
because the majority of raters using the NEMA scale had had 
practical experience with it, whereas none of the raters had 
ever seen the shortened scale before the experiment. 

Table 42 also shows that the obtained reliability of the 
total NEMA point ratings is lower than that obtained for 


several of the individual factors in this system. In the case 
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of the simplified system, the total points resulted in a higher 
reliability than that obtained for any specific factor. 

These findings indicate that: (1) the ratings from a short- 
ened system correlate very highly with the ratings of longer 
systems, (2) the findings are essentially the same for shop 
jobs and salaried jobs, (3) the effect of shortening the system 
i$ the same for point systems and for the factor comparison 
system, and (4) the ratings obtained from a suggested simpli- 
fied system have higher reliability than those resulting from 
a longer system. 

In the light of these findings, it is probably advisable to 
make greater use of systems of job evaluation that are con- 
siderably shorter than many of those in current use. 


12 
Work, Fatigue, and Efficiency 


CAREFUL consideration of employee aptitude before 
placing men upon a job, followed by a thorough program of 
training employees on the job, will go far toward achieving— 
but will not guarantee—a satisfactory level of Job perform- 
ance. Other factors besides employee aptitude and training 


may operate to prevent production from reaching the expected ` 


level; and in some cases a proper consideration of these other 
factors may result in fairly satisfactory production even when 
little specific attention has been given to employee placement 
and job training. These other factors have been classified in 
different ways. They may properly be thought of as related 
to employee efficiency, job performance, effort expended, or 
fatigue. 


The Nature of Fatigue 


At least three conceptions of the terni fatigue are important 
to our discussion. These are (1) physiological fatigue, (2) 
psychological fatigue, and (3) industrial fatigue. 


Physiological fatigue 


It may be readily demonstrated by simple physiological 
experiments that a muscle undergoing a simple rhythmic 
contraction gradually loses its ability to make the contraction. 
Thus, if one squeezes a coiled spring at intervals of two seconds 
he will find that his squeezes become less and less powerful 
until finally, if the task is maintained for sufficient time, only 
very small changes, or no changes at all, in the spring can be 
noticed. The energy used in the execution of a task of this 

394 
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sort, or any muscular task, comes from potential energy that 
is stored in chemical form in the muscles. As this energy is 
expended, the muscles become less and less able to perform 
their task. This reduction in potential energy available in 
the muscles may be thought of as physiological fatigue. 
Starling! has stated that the phenomena of fatigue, from this 
point of view, probably depend upon two factors, namely, 
the consumption of the contractile material or the substances 
available for the supply of potential energy to this material, 
and the accumulation of waste products of contraction. 
These waste products may be thought of as the chemical 
result of the muscular activity. Among them lactic acid is 
probably of great importance, because it is known that fatigue 
may be artificially induced in a muscle by feeding the muscle 
with a dilute solution of lactic acid. 

To the physiologist, then, fatigue is primarily a matter of 
chemical changes in the muscle itself or the potential energy 
available for the muscular contraction. It should be kept in 
mind that this conception, in and of itself, does not involve a 
feeling of tiredness on the part of the subject, nor an immedi- 
ate reduction in the amount of work he is able to do, if he is not 
attempting to do a degree of work that requires more energy 
than is available at the time. 


Psychological fatigue 

Entirely aside from the physiological changes occuring in 
fatigue, it is a matter of common experience that with a repeti- 
tion of certain tasks one becomes “bored,” “uninterested,” 
and in other ways manifests a lessening desire to continue the 
performance. Or one may simply have feelings of tiredness 
accompanied by a desire to do something else “for a change." 
From this point of view, fatigue may be looked upon as the 
feeling of boredom that often accompanies continued applica- 
tion to any given task. 


1B, H. Starling, Principles of Human Physiology, third edition (Lea and 
Febiger, Philadelphia, 1920), p. 209. 
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For one speculating upon the subject of fatigue, it is a 
temptation to look upon these two aspects of the phenomenon 
—the physiological and the psychological—as different aspects 
of the same fundamental change. According to this point of 
view, feelings of boredom and tiredness occur in proportion as 


physiological changes in the muscle have taken place; and vice | 


versa, actual changes in the physiological composition of the 
muscles have taken place to the extent that feelings of tired- 
ness or boredom are experienced by the subject. 

If this simple relation were true, the problems of fatigue 
and its elimination would be greatly simplified. Unfortu- 
nately, numerous physiological and psychological experiments 
have shown that no such simple relationship exists. Indeed, 
it is necessary to look only at one's own experiences to under- 
stand that exceptions to such a relationship are by no means 
uncommon. Anyone who has driven a car a very long dis- 
tance to a vacation resort knows that interest in reaching the 
resort is often maintained long after the body, from the 
physiological viewpoint, would rather sleep. And everyone 
who has had a routine, uninteresting, manipulative job to do 
knows that feelings of boredom often become prominent long 
before an excessive amount of work in the physiological sense 
has been performed. 

We are thus presented with two contrasting, and in many 
cases unrelated, conceptions of the term fatigue. Because of 
the great importance of fatigue among industrial employees 
and the necessity of discovering ways of reducing or eliminat- 
ing it, the industrial psychologist has been forced to accept a 
still different definition, a definition that is concerned prima- 
rily with the production or output of the employees. 


Industrial fatigue 


Fatigue is important in industry not to the extent that it 
involves physiological changes in the muscles, or feelings of 
boredom on the part of the employees, but, rather, to the 
extent that it involves on a long or a short term basis a reduc- 
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tion in the employee's efficiency on the job. Various meas- 
ures of employee efficiency have been proposed and used for 
different purposes but, everything considered, the most 
satisfactory measurement for most purposes is production. 
Management, therefore, defines fatigue as whatever changes 
occur as a result of work that are associated with a decrease in 
employee production. This does not mean that management is 
uninterested in the physiological basis of fatigue or in the 
boredom and dissatisfaction aspects of the problem. The 
latter factor indeed has been found more markedly related to 
employee production than physical or organic conditions. 
In one series of studies, it was found that “fatigue” usually 
implies dissatisfaction and that physical conditions varying 
within ordinary limits have an insignificant effect upon the 
efficiency of the worker.? In another investigation it was 
found that whatever is done by management to attract the 
workers’ interest or indicate a concern for their welfare 
decreases ‘‘fatigue” and increases output.* But in the final 
analysis, unless physiological or attitudinal changes result 
eventually in reduced output, on either a long or a short time 
basis, management cannot justifiably give very much atten- 
tion to them. The problems of industrial fatigue, therefore, 
become essentially problems of determining what such factors 
as conditions of work, posture, hours of work, or nutrition, 
contribute toward the maintenance of proper production, 
and what factors result in, or are accompanied by, an undue 
reduction of employee output. Vernon‘ has defined indus- 
trial fatigue as ‘‘the sum of the results of activities which show 
themselves in a diminished capacity for doing work." Since 


2 Committee on Work in Industry of the National Research Council, 
“Fatigue of workers and its relation to Industrial Production” (Reinhold, 


— H. Flinn, “Fatigue and War Production," Medical Clinies of North 


ica, XXVI (1942), pp. 1121-1143. à 1 t 
Miri eina *Ladustríal Fatigue in Relation to Atmospheric Condi- 


tions," Physiological Reviews, VIII (1928), pp. 130-150. 
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this definition of fatigue has been found to be most satisfactory 
in industry, it is the definition that we shall follow. 

An acceptance of this definition for industrial purposes 
does not mean that the physiological or psychological defini- 
tions are not of definite value. Rather it means that the 
industrialist is interested in fatigue in these latter senses only 
to the extent that it results in lowered production. But, just 
as the physiological and psychological definitions of fatigue 
do not always agree with each other, so also the industrial 
definition does not always agree with either of these two. 
For example, Arps® has pointed out that a production curve 
can be maintained at a fairly high and constant level if incen- 
tives are sufficiently strong, even though physiological changes 
indicate a great or even unwise expenditure of energy. Of 
course, management is seldom interested in maintaining 
production by an expenditure of energy that will result in 
lowered output from a long-time viewpoint. But here again 
the final criterion as to whether fatigue is really present in the 
industrial sense is not whether physiological evidences of 
fatigue can be observed at the time but whether any reduc- 
tion in output can be noticed, either at the time or in the 
future, as a result of the activity. 


Factors Related to Fatigue and Employee Efficiency 
Work methods and motion and time study 


Motion and time economy as related to bodily movements, 
one of the types of job analysis defined on page 28, is con- 
cerned with improvement in work method. From ordinary 
observation and experience it is apparent that different 
methods of doing a certain job may require different amounts 
of time and effort. 

If an individual has a pile of rocks to move from one 
location to another he can do the work with less physical 


5G. F. Arps, “A Preliminary Report of ‘Work with Knowledge vs. Work with- 
out Knowledge of Results,” Psychological Review, XXIV (1917), pp. 449-455, 
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fatigue by using a wheelbarrow than by carrying the rocks 
one at a time in his hands. This simple fact indicates the 
almost unlimited possibilities of fatigue reduction by making 
use of proper work methods. Gilbreth? was able to demon- 
strate more than thirty years ago that the work of the average 
bricklayer can be increased from 120 bricks per hour to 350 
bricks per hour by following a more economical pattern of 
movement. This early study with its concrete results pointed 
the way toward an application of this principle—the lessening 
of fatigue by improved work methods—in a wide variety of 
industrial jobs. Among the possible variations in work 
method are different types of bodily movement that may be 
required with different methods of operation. The bodily 
movement aspect of motion study may be considered a 
legitimate field for psychological investigation? although it 
is ordinarily considered a branch of industrial engineering. 
Since instruction and laboratory work in this field are usually 
given by departments of industrial engineering, a thorough 
coverage of the topic does not come within the scope of this 
book. The industrial psychologist should, however, be aware 
of the significance of the field and should supplement his 
training in psychology with sufficient work in motion and time 
study to achieve competence in this area. 


* F. B. Gilbreth, “Bricklaying System” (M. C. Clark, New York, 1909). 

7 This field, although basically a part of experimental psychology, has been 
largely developed in the United States by industrial engineering rather than by 
psychology, owing in large measure to the fact that when productive industry 
first began to recognize the importance of motion and time study as a tool of 
scientific management, American psychologists, with very few exceptions, were 
interested in other fields and did not develop this area of psycho-technology. 
The outstanding exception may be found in the work of Frank and Lillian 
Gilbretb. Mrs. Gilbreth, a professional psychologist, clearly saw the possibili- 
ties for applied psychology in this field, and with her husband, a professional 
construction engineer, published a series of papers and books in which were 
formulated most of the principles of motion study that are most widely in use 


— Great Britain the development was somewhat different. The National 
Inetitute of Industrial Psychology recognized motion and time study asa legiti- 

ate field of psychology and undertook the development of the area that, in 
America, went by default to industrial engineering. 
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The field of economy in work methods has been referred 
to as motion study, as time study, as time-motion study, 
and, simply, as methods improvement. It would seem that 
motion study unaccompanied by corresponding time study is 
not very meaningful, because one of the most effective ways 
of comparing different motions is in terms of the time which 
they require. A comprehensive discussion of the whole field 
of methods improvement would be far beyond the scope of 
this book, because it involves principles of tool improvement, 
machine design, and other matters that are not psychological 
in nature. j 

The principles of motion economy have been divided into 
three types,? namely: 


I. Principles of motion economy as related to the use of the 
human body. 
Il. Principles of motion economy as related to the management 
of the work place. 
II. Principles of motion economy as related to the design of 
tools and equipment. 


The first of these is the one of most concern to the psy- 
chologist. Our diseussion will therefore be.limited to prin- 
ciples of this type." The first three are as follows: 


1. The two hands should begin as well as complete their motions 
simultaneously. 


2. The two hands should not be idle at the same instant except 
during rest pauses. 


3. Motions of the arms should be made in opposite and sym- 


metrical directions, instead of in the same direction, and should be 
made simultaneously. ^ 


8 This classification is taken from R. M. Barnes, Motion and Time Study, 
second edition (John Wiley & Sons, Inc., 1940), p. 146. 

$ The student who is interested in studying these in more detail and also in 
studying principles falling under Class II and Class III is referred to Barnes, 
op. cit, Chapters 12-14, and also to M. E. Mundel, Systematic Motion and 
Time Study (Prentice-Hall, Inc., 1947). 

10 These three principles were first formulated by F. B. and L. M. Gilbreth, 


"A Fourth Dimension for Measuring Skill for Obtaining the One Best Way to do 
Work," Society of Industrial Engineers Bulletin, V (1923), p. 6. 
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Numerous experimental demonstrations of the time saved 
by following these principles have been made. Several such 
experiments are reported by Barnes, typical of which is the 
job of assembling a bolt and three washers. On this job, in 
the study reported, it was found that a 53 per cent increase 
in production resulted from a work rearrangement to permit 
adherence to the three principles listed above.?? 

The fourth principle reads: 


4. Operations should utilize bodily movements that require the 
least amount of time and effort. 


For some operations, finger motions or finger and wrist 
motions are better than motions involving grosser parts of the 
body.? Controlled investigations have shown, however, that 
for certain types of activity, wrist motions! and forearm 
motions! can be made more rapidly and with less fatigue than 
finger motions. In another investigation is was found that, 
at least under certain conditions, wrist and elbow movements 
are faster than finger or shoulder movements.!* 
The fifth principle: 


5. Momentum should be employed to assist the worker when- 
ever possible, and it should be reduced to a minimum if it must be 
overcome by muscular effort. 


This principle was used in F. B. Gilbreth's early studies of 
bricklaying. Methods were developed which made use of 
the momentum of the moving brick in forming the mortar 
into the joints. 


11 Barnes, op. cit., pp. ae ft. 

12 Barnes, op. cit., p. 149. 1 

13 Barnes, op. cit p. 161, and H. C. Sampter, Motion Study (Pitman Publish- 
i ., 1941), p. 100. 
iu ate tardum Culpin, and E. Farmer, “A Study of Telegraphers’ Cramp,” 
Industrial Fatigue Research Board, Report #43 (1927). . 

15 R. H. Stetson and J. A. MeDill, “Mechanisms of the Different Types of 
Movement," Psychological Monographs XXXII (1923), pp. 37-40. A 

16 W. ie Bryan, “On the Development of Voluntary Motor Ability,” 

ica: l of Psychology, V (1892), pp. 71 ff. 

ovo d Motion Study (D. Van Nostrand Company, 1911). 


" 
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The sixth principle: 


6. Continuous and curved motions should be substituted when- 
ever possible for straight line motions and sudden or sharp changes 
in direction. 


One investigation has shown that 15 to 24 per cent of a work 
cycle is used in changing hand direction when an abrupt 
change in direction is made.'? If the work layout can be 
arranged to eliminate this kind of lost time, a marked saving 
in time is effected. 

'The seventh principle: 


7. Yf possible, ballistic movements (the fast, easy motions caused 
by single contraction of a muscle group, as in swinging a hammer) 
should be used instead of controlled movements (movements requir- 
ing à balance between opposing muscle groups, as in writing by the 
finger-and-thumb method.) 


Although there is little experimental evidence on this subject, 

the experience of industrial engineers indicates that ballistic 

movements, in comparison with controlled movements, are 

more powerful, more accurate, faster, and less fatiguing.!? 
The eighth principle: 


8. Motions should be arranged to permit a rhythmic, smooth 
sequence of operations. 


Rhythm has been defined in at least two ways—as a repetitive 
cycle of motions, and as a sequence of accented motions that 
may or may not be repetitive. The major characteristics 
of rhythmic action, in the latter sense, are rapid movements 
through an are, with a sudden feeling of termination at the end 
of the movement. Rhythmic motions, therefore, involve 
more ballistic than controlled motions. 

Motion and time study, and the improvement of work 
methods through such study, require careful attention to the 


18 Barnes, op. cit., p. 164. 
1° Barnes, op. cit., p. 169. 


?' R. H. Stetson, “A Theory of Rhythm and Discrete $ ion,” Psy- 
chological Review, XII (1905), pp. 258-270. ete Succession," Psy. 
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layout of the work and the use of the most efficient kind of 
tools to do the job, in addition to consideration of the motor 
aspect of the work. Industrial psychologists should become 
familiar with this general field since they are often called 
upon to assist in the phase of management with which it is 
concerned. 


( Illumination ` 


(In a number of investigations, such as those reported on 
page 200; it has been found that an employee’s job perform- 
ance is related to his visual acuity at the work distance. 
Visual acuity, however, is dependent not only upon the visual 
mechanism of the employee but also upon the illumination 
under which the work is done. The relation between visual 
acuity and illumination has been plotted by Troland?' accord- 
ing to data published by Kónig."* (The results plotted by 
Troland show that acuity increases var a considerable range 
of variation of intensity in almost direct proportion to 
the amount of illumination. These results suggest that 
employees on certain types of industrial work should be 
provided with sufficient illumination to insure a satisfactory 
level of visual acuity.) Wetzel?* has pointed out that gains in 
visual acuity are very perceptible up to about 40 foot candles. 

In Figure 123 are shown the results of an investigation 
involving operators of key punching machines in a statistical 
department. The average production and average errors 
of the operators before the improvement of lighting conditions 
are plotted, respectively, as 100 units. (With the passage of 
time after the improvement in lighting, the production showed 
a definite increase, while the errors were markedly reduced. 


a1, T. Troland, “The Principles of Psychophysiology, Sensation, II (D. 
trand, New York, 1930), p. 86. - 
how Konie “ Abhangigkeit der Sehschärfe von der Beleuchtungsintensi- 
tät,” Sitzungsber. der Akad. der Wiss., Berlin, Bd. XIII (1897), pp. 559-575. 
E M. Wetzel, “L’eclairage dans l'industrie," Recherches et inventions, VIII 

. ] 


—95. s = ` « 
ri od from Matthew Luckiesch, Light, Vision, and Seeing (D. Van 


Nostrand, 1944), p. 262. 


" 
E. WORK, FATIGUE, AND EFFICIENCY 
A thorough study of the effects of different systems of 
lighting upon output and accuracy of employees engaged in 
fine work has been published by Weston and Taylor.” The 
effect of various degrees of illumination upon the output of 
employees can readily be studied by means of controlled 
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RELATIVE INCREASE IN PRODUCTION, P 
RELATIVE DECREASE IN ERRORS, E 


Fic. 123— Production and errors of key punch operators in relation to illumina- 
tion. (Adapted from Mathew Luckiesch, Light, Vision and Seeing, New York, 
D. Van Nostrand, 1944, p. 262.) 


experiments in which illumination is varied and the produc- 
tion measured under varying conditions. Such experiments 
often make it possible to increase production by an amount 
that is worth many times the cost of the extra light. ) 
(Another factor related to ease of seeing, and therefore also 


?5 H, C. Weston and A. K. Taylor, “The Effect of Different Systems on Out- 
put and Accuracy in Fine Work," Joint Report of the Industrial Fatigue Research 
Board and the Illumination Research Committee (H. M. Stationery Office, Lon- 
don, 1928). 
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to production, is the contrast between the objects or materials 
that must be observed and the brightness of the background 
upon which the objects are seen.) The results of an experi- 
ment on the effect of brightness Contrast upon time required 
for 100 per cent certainty in seeing are plotted in Figure 
124.5 Tt will be noted that, for each of the levels of illumina- 


BLACK OBJECT ON 
LJ WHITE BACKGROUND 


GRAY BACKGROUND 


TIME IN HUNDREDTHS OF A SECOND 
REQUIRED FOR 100% CERTAINTY IN SEEING 
o 


10 Fc 20 FC 100 FC 


ILLUMINATION ON BACKGROUND (FOOTCANDLES) 


Fic. 124— Relation between brightness contrast and certainty of seeing. 
(Adapted from Mathew Luckiesch, Light, Vision, and Seeing, New York, D. 
Van Nostrand, 1944, p. 132.) 


tion studied, tthe black object is seen more quickly on the 
white background than on the gray background. ) 
Visual adaptability to the job 


Experiments summarized in Chapter 7 on page 233 show 
that output of employees on certain types of close work can 


26 Adapted from Luckiesch, op. cit., p. 132. 
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be definitely increased either (1) by placing on the job only 
employees who are visually adapted to it or (2) by adapting 
the employees to the job by means of special occupational 
spectacles. These experiments may properly be considered 
as experiments in the reduction of visual fatigue. Indeed, 
some of the early workers? on this subject have considered 
their work primarily in the field of fatigue. The experiments 
summarized in Chapter 7 will not be discussed here, but it 
should be emphasized that the proper allocation of employees 
according to their visual qualifications is one method of elimi- 
nating or markedly reducing visual fatigue. Such reduction 
often results in an increase or maintenance of satisfactory 
production. 
) 
Temperature and ventilation 


( The effect of varying temperature upon employee effi- 
ciency has not been accurately determined for all types of 
work, owing partly to the fact that the temperature of the 
atmosphere, or what is ordinarily known as dry-bulb tempera- 
ture, seldom varies alone. Almost always when atmospheric 
temperature varies, other conditions, such as humidity and 
the amount of radiated heat, do not remain constant. How- 
ever, in spite of the difficulty of controlling conditions, a few 
studies have shown that temperature is related to employee 
efficiency.)\For example, Vernon, Bedford, and Warner? 
found that when temperature was below 70 degrees, only 3 
per cent of the time was lost as a result of employee sickness; 
when temperatures were from 70 to 79.9 degrees, 4.5 per cent 
of the time was lost; and when temperatures were 80 degrees 
or more, 4.9 per cent of time was lost as a result of sickness. 
These findings indicate that the optimal temperature is below 


27 See footnote 29, page 232. 
28 H. M. Vernon, T. Bedford, and C. G. Warner, 


5 pe “A Study of Absenteei 
f Te. Tenen ` 3 nteeism 
ed of Ten Collieries,” Industrial Fatigue Research Board, Report No. 51 
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70 degrees.\ In another investigation Yagloglou? found that 
“the optimum temperature for individuals at rest, or other- 
wise engaged in light activities in still air and normally 
clothed” was 64.5 degrees effective temperature. (These 
findings suggest that care should be taken to insure tempera- 
ture conditions that are not excessively high. Some indus- 
tries have found that the installation of air-conditioning 
equipment is a sound investment from the point of view of 
increased employee productivity. 

Although proper ventilation has been found to be more 
dependent upon circulation of the air than the continual 
introduction of fresh air, ventilation has also been found to be 
of considerable importance. Wyatt, Fraser, and Stock? 
report an experiment in which suitably placed fans were 
operated on alternate working days over a period of six weeks 
during the summer. Their experiments show that when the 
air is circulated by the fans the production of the employees 
is significantly higher than when no provision is made for 
circulating the air. Bedford*! has pointed out that the sensa- 
tions of warmth that one experiences depend upon air tem- 
perature, air movement, air humidity, and radiation. All of 
these factors must be considered in insuring optimum condi- 
tions for work. ) 


(Noise ) 

/ A great deal has been written concerning the effect of noise 
upon employee efficiency and fatigue. Often the elimination 
of noise has been recommended on the grounds that employee 
efficiency wil! be greatly improved. Indeed, several experi- 


29 C, P. Yagloglou, ‘‘ Modern Ventilation Principles and Their Application to 
Sedentary and Industrial Life," Journal of Personnel Research, III (1925), pp. 

-396. dmt 4 
ee S. Wyatt, F. A. Fraser, and F. G. L. Stock, *Fan Ventilation in a Humid 
Weaving Shed," Industrial Fatigue Research Board, Report No. 37 (London, 
t Bedford, “Requirements for Satisfactory Ventilation and Heating,” 
The Human Factor, X (London, 1936), pp. 246-254. 
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ments, such as the one reported by Scheidt,?? have shown that 
noise-proofing the workroom or putting employees in indi- 
vidual booths will improve the quality of their work. For 
the practical industrialist, however, the elimination of noise 
often is extremely difficult or even impossible. 

One can hardly imagine a steel mill in which noise has been 
eliminated or even much reduced. In steel, as in heavy 
industry in general, noise can seldom be avoided. Therefore, 
even though it is true that fatigue may be lessened by reducing 
noise, we will not suggest such reduction as a practical method of 
eliminating fatigue in all situations. Too often itisimpractical 
to reduce the noise. It should be kept in mind, however, 
that when a high noise level is present, employee efficiency 
may be affected and that it is often possible to recapture some 
of the lost efficiency by introducing certain other controls 
in the form of nourishment, rest pauses, or certain favorable 
work methods. ) 


Music 
A number of surveys have been conducted and reported 


to show how employees feel toward music while they work. 
Prominent among these has been the work of Kerr? and 


Kirkpatrick. In one of the investigations it was found that à 


approximately two thirds of the employees stated that they 
prefer to work with music, whereas nearly all of the remaining 
one third were indifferent. Practically none reported that 
they prefer to work without music. Of those who prefer to 
work with music, only 14 per cent preferred to have music 
played all the time. Beckett** concludes from a survey of 


?* V. P. Scheidt, “The Effect of Various Modifi ti TT 
Kalenda XVI (1937), pp. 3-4. oo enone on. the: Worker,? 


33 W, A, Kerr, "Psychological Effects of Music as Rej 

! E ; y c q ported by 162 
Trainees,” and “Factor Analysis of 229 Electrical Workers? Beliefs in the Liens 
of Music,” Psychological Record, V (1942), pp. 205-212 and 213-221 

3 F. H. Kirkpatrick, “ Music in Indu: : 


stry," J 5 
XXVII (1943), pp. 258-274. Y, Journal of Applied Psychology, 
3 W, Beckett, Music in Wi ; i l 
D. C, 1943). ett, Music in War Plants (War Cieéqetion Board; Washington, 
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78 plants for the War Production Board that music is uni- 
versally liked by the workers. 

Music may, however, be liked by employees even when it 
has no effect upon the quantity or quality of their work, or 
even, conceivably, when it has an unfavorable effect upon the 
efficiency of the workers. A number of investigations have 
therefore been conducted to determine the effect of music 
upon worker efficiency. Wyatt and Langdon?* found the 
production of a small group of women on light repetitive work 
to be increased from 6 to 11 per cent by varying amounts, 
distributions, and types of music. Humes* concluded from 
another study that music tends to lower the scrappage rate. 
Kerr? in a series of studies, found that music increases 
production up to 6 per cent on operations paid on an incentive 
plan, and up to nearly 12 per cent on hourly-paid jobs. A 
recent study by Smith?? has further demonstrated the 
favorable effect of music upon the production when the work 
is repetitive in nature. No significant differences were found 
between accident experience in plants with industrial music 


and in those without it. 


Nourishment 

The energy one expends in work comes from the food he 
eats. Without food, or with food that is insufficient either in 
quality or amount, one soon loses the ability to withstand 
physical exertion. Too often the relation between the price 
of food and its nourishment or energy value is none too high. 
Some industries have found that a program of employee 


35 §, Wyatt and J. N. Langdon, “Fatigue and Boredom in Repetitive Work,” 
Report No. 77 (Industrial Health Research Board, London, 1937), pp. 30-42. 

s; J, F. Humes, “The Effect of Occupational Music on Scrappage in the 
Manufacture of Radio Tubes,” Journal of Applied Psychology, XXV (1942), 


-587. 3 
2 AW A. Kerr, “Effects of Music on Factory Production,” Applied Psychology 


Y h 5 (1945). 
Mun LA MR “Music in Relation to Employee Attitude, Piecework Pro. 


duction and Industrial Accident," National Industrial Conference Board, Studies 
in Personnel Policy, No. 78 (1947), pp. 21-28. 
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education dealing with types, calorie values, vitamin and 
mineral content of food, and, in general, how to get the most 
value for one's food dollar, has been of value in improving the 
diet of employees. A few industries have found that giving 
extra meals on the job is worth while in terms of increased 
employee efficiency. Haggard“ reports that when two extra 
meals were given, output rose 10 per cent and the workers 
reported feeling less tired in spite of their greater output. 
It has also been reported“! that drinking a one per cent salt 
solution is effective in reducing industrial fatigue. 


Hours of work 


During the past fifty years the trend toward a reduced 
number of hours in the working week as well as a shortened 
working day has been fairly constant. This change has been 
due partly to the feeling of labor that life should not be “all 
work and no play,” but it has been also due in no small 
Measure to an increased recognition by management that 
employees do not reach their greatest efficiency when the 
number of working hours is excessive, Many experiments 
have been conducted to determine the relation between the 
hours of work and employee production, The reduction in 
hours of work has been largely Justified by these experiments. 
Miles and Angles? report that when the hours of work in a 


plant manufacturing boxes were reduced from 48 to 36 per 
week, the average hourly 


1 i output inereased from 793.5 to 
834.0 units of production. In another experiment: dealing 
with women engaged in the 


; work of turning fuse bodies, a 
68 per cent increase of hourly output and an increase of 16 


*' W. W. Haggard, “Work and Fati » i i 

(1936), pp. 298-301. J d Fatigue, Mechanical Engineering, LVIII 
4 A. B. Dill, A. V. Bock, H. T. Edward: 

Fatigue," Journal of Industrial Hygiene, XVI aer" "Tui ^ Industrial 
4 G.H. Miles and A, Angles, “The Influence of Short ‘ime s 

duction, IL," Journal of the National Institute of Industrial P. ve pedar Bie 

pp. 300-302. Sychology, YI (1925), 
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per cent in total production followed a reduction from 66 to 
48.6 in the number of hours worked per week. In another 
study* it was found that an increase in working time above 60 
hours per week is accompanied by increase in time lost due to 
sickness, injury, and absence without permission. The 
increase in working time is also accompanied by a decrease in 
both hourly ‘and weekly output and an increase in labor 
turnover. Murray? reports that a reduction of the working 
hours to less than 48 per week is followed by increases in both 
hourly and weekly production as well as by decreases in 
absenteeism and turnover. The general conclusion sug- 
gested by these and similar studies is that employee fatigue 
is lessened and output correspondingly increased if the number 
of working hours per week does not much exceed 40. 

Of course, during a period of emergency production, it is 
not always possible to achieve maximum efficiency by means 
of a short working week. At such times it is often necessary 
to get out maximum production even though by so doing 
maximum efficiency, from the long-time viewpoint, may be 
sacrified to some extent. But even during a period of maxi- 
mum production the question may be raised as to whether 
real gain can be achieved by excessive lengthening of work 
hours. Ivy‘ has suggested that from the physiological 
viewpoint we will sacrifice rather than gain, even in terms of 
short-term production, by increasing the hours of work beyond 
56 hours per week for men or 48 hours per week for women. 


Rest pauses 

A great many investigations on the effect of rest pauses 
have been conducted. These studies have considered employ- 
ees on both heavy and light work, and employees paid under 


44 Anon., “Hours of Work, Lost Time, and Labour Wastage," Emergency 
Report No. 2 (Industrial Health Research Board, London, 1942). 
4 H. M. L. Murray, “Bases of Worker Efficiency," Personnel Journal, XXI 


1942 . 131-145. 
( ia E Ivy, “The Physiology of Work" (Fourth Annual Congress on Indus- 


trial Health, Chicago, January, 1942). 
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a straight hourly rate as well as employees paid under a wage 
incentive plan. In this field, the work of Vernon“ and his 
associates is outstanding. Their studies have shown that 
rest pauses usually lessen fatigue and increase production in 
spite of the fact that the pauses result in some reduction of 
the actual working time. Typical curves showing the produc- 
tion for a group of employees before and after the introduction 
of rest periods are shown in Figure 125. "These curves are 
based upon the work of Farmer and Bevington.*® 
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Fic, 125— Effect, of rest pauses on production for a typical industrial job. 


In another study, Miles and Skilbeck*® found that two 
15-minute change-of-work periods resulted in a 14.2 per cent 
efficiency increase. 

It is impractical to generalize as to how long rest periods 
should be for any given plant, or how frequently they should 
be allowed during the day. Both the duration and the 


47H. M. Vernon, Industrial Fatigue and Efficiency (Dutton, New York, 1921). 
48 E. Farmer and S. M. Bevington, “An Experiment in the Introduction of 
Rest-Pauses,” Journal of the National Institute of Industrial Psychology, 1 
1922), pp. 89-92. 
‘ * Q. H. Miles and O. Skilbeck, “An Exp 


eriment on Change of Wor y 
Occupational Psychology, London, XVIII (1944) 
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number of rest periods necessarily vary with such factors as 
the nature of the work, the effect of a temporary stoppage 
upon the flow of production, and the availability of suitable 
rest rooms or other places in which the employees can relax. 
The duration of rest periods that have proved beneficial has 
varied from two minutes to fifteen minutes under different 
conditions, and the number of rest periods during the day has 
varied from one to five or even more. An excellent summary 
of representative studies in this field has been given by 
Viteles* and will not be repeated here. Anyone who wishes 
to consider the introduction of rest pauses for an industrial 
job should make a careful study of the literature to find an 
experiment in which rest pauses have been introduced on a 
similar job. It is sufficient to say here that such a study will 
almost certainly show the effect of rest pauses on a similar 
job and will point the way toward the type of rest pause or 
pauses that may profitably be introduced. In practically 
every investigation of this subject, some form or type of rest 
pause or pauses has been found to be worth while both from 
the point of view of employee comfort as well as that of 
increased production. 

In considering the introduction of systematic rest pauses, 
it should not be assumed that if no rest pauses are formally 
‘allowed the employees will not rest. Several investigations 
have shown that if formal rest pauses are not allowed, 
unauthorized rests will be taken by the employees to suit 
their own convenience.** In some cases, such unauthorized 
rests are as effective in increasing production and allaying 
as rest pauses that are officially and formally allowed 
by management. But in other cases, employees who decide 
upon their own rest periods may do so in an ineffective 
manner, or may inconvenience the production schedule by 


fatigue 


so M. S. Viteles, Industrial Psychology (W. W. Norton, New York, 1929) 
ji SO Hur “Rests—Authorized and Unauthorized," Journal of Per- 


5 R. B. T 
sonnel Research, IV (1925), pp- 37-45. 


414 WORK, FATIGUE, AND EFFICIENCY 


resting at the wrong time. McGehee and Owen® found that 
the introduction of two short rest pauses during the day 
reduced unauthorized rest pauses and increased the speed of 
work. In general, it is a more satisfactory procedure for 
management to decide upon the proper amount and distribu- 
tion of rest periods and then formally to allow those rests. 
Just as a person left to learn a job by himself may, and often 
does, adopt an inefficient and eumbersome way of performing 
the job (see page 310), so an employee left to decide upon 
optimal rest pauses for himself will not always adopt rest 
pauses that are of maximum value either to himself or to 
departmental production. 


Financial incentives 


People seldom do something for nothing. No one— 
whether employee or supervisor, executive or clerk, teacher or 
student—will achieve a very high level of performance on his 
job unless he is rewarded for doing so. Rewards may be 
financial payments in proportion to the actual performance 
on the job, or they may be nonfinancial returns that are 
desired by the person concerned. With the rise of modern 
scientific management, industry has devoted a great deal of 
attention to the subject of financial incentives. Several basic 
systems have been worked out that operate to pay the 
employee in accordance with the quantity or quality of work 
done. The effect of changing a wage-payment plan from a 
straight hourly rate to some form of incentive system has been 
shown in many investigations and is well illustrated in a study 
reported by Kitson (see page 291), in which a marked increase 
in employee production was found to follow the installation of 
an incentive plan of wage payment. 

It should, of course, be kept in mind that too great a 
reward for high production may result in an unwise expendi- 


52 W, McGehee and E. B. Owen, “Authorized and Un 
Pauses in Clerical Work,” Journal of Applied Psychology, XXIV 
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ture of energy by the employees. An incentive plan that 
encourages employees to overdraw their physiological bank 
account of tomorrow because of large financial payment today 
is not a sound plan from the point of view of either employees 
or management. But in many cases, as illustrated by 
Kitson’s experiment, low production is due primarily to a lack 
of reward for high production. After the installation of an 
incentive plan, the production was practically doubled and no 
unwise expenditure of physiological energy, either at the time 
or later, was indicated. The wage incentive plans used by 
industry may be administered so as to encourage high produc- 
tion up to a certain level and discourage production above 
that level if such production is likely to result in too great an 
expenditure of physiological energy. 


Nonfinancial incentives 

Men want, and will work for, many things besides money. 
On pages 458 and 459 are listed a number of nonfinancial 
returns that men want from their jobs. It is becoming 
increasingly apparent to management that without these 
“other things” no amount of financial reward, in and of itself, 
will result in complete job satisfaction. Nor will finan- 
cial payment alone produce satisfactory job performance. 
Miles** has stressed the importance of nonfinancial incentives, 
and Lee* has quite correctly pointed out that financial incen- 
tives are not, by themselves, sufficient to produce "the will 
to work." The major things that employees want from their 
jobs, other than money, will be discussed in some detail in 
Chapter 14. For the present we wish only to call attention to 


the fact that, as Dickinson?* has suggested, nonfinancial 


incentives will reduce fatigue and increase production. 


53 G. H. Miles, “Effectiveness of Labour Incentives," The Human Factor, VI 


. 53-58. 
E ix Lee, Some Notes on Incentives in Industry," The Human Factor, VY 


. 180-186. E r 
aS d Dickinson, *American Trends in Industrial Incentives," Occupa- 
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Attitude and morale 

'The importance of employee morale is so great that a later. 
chapter will be devoted to this subject. Dissatisfied or dis- 
gruntled employees readily become bored with their jobs, 
“tire” of doing their work, and in many other ways show 
evidence of feelings and behavior that result in lowered out- 
put The so-called ''fatigue" of such employees is seldom 
due to excessive expenditure of physiological energy. Rather, 
it is due primarily to a basic dissatisfaction which, interest- 
ingly enough, can seldom or perhaps never be remedied by 
wage increases alone. Factors that are related to employee 
morale and suggestions for improving it are discussed in detail 
in Chapter 14. 
Mental abilities and other personality traits 

The ‘‘born salesman" quickly becomes dissatisfied if he is 
forced to work by himself on a job that permits little or no 
contact with other people. The inventive or ingenious 
employee soon becomes bored with a job that involves only 
routine manipulative assembly. It has been emphasized in 
Chapter 1 that the proper placement of employees consists 
basically in assigning each employee to a job that is neither 
above nor below his basic capacity and is in reasonable 
conformance to his basic interests. Definite evidence shows 
that when employees are not so placed they neither remain 
very long on the job (see page 2) nor perform the job very well 
while they remain on it (see page 97). Although such mis- 
placed employees probably do not become unduly fatigued in 
the physiological sense, they do become fatigued in the 
psychological sense; and the results of this psychological or 
MANN auri en een Boda 
Au e oerte à as dy d be the case if the 
Langdon, and Stock*? have a Lm d'ora Wyatt; 
i , phasized the fact that boredom 
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is associated with intelligence, inability to mechanize certain 
simple processes, and the desire for creative work. A typi- 
cally bored worker is one who is on a job that is below his 
natural level of capacity and ability. To provide for the 
training of such employees for a job that involves responsi- 
bility commensurate with their capacity, and to arrange for 
their transfer to the new job when the training has been 
complete, is a clearcut responsibility of management. Such 
a policy of upgrading employees who have the capacity pays 
dividends both in terms of improved production of employees 
on the routine manipulative jobs and in terms of furnishing a 
valuable source of employees for supervisory and other 
responsible positions. 


13 
Accidents and Safety 


AccrpENTS do not just happen. In dealing with them 
nothing is gained, except a temporary dodging of responsi- 
bility, by ascribing them to bad luck or chance. The concept 
of luck is used in explaining human behavior only when the 
really causative factors are unknown or when, for some 
reason, we have been unable to exercise adequate control over 
known factors. As those factors that are related to industrial 
accidents become more and more clear in the light of statistical 
investigation, the use of the concept of luck or chance becomes 
less and less necessary. In the light of such causative factors 
as are now known definitely to exist, Heinrich! has estimated 
that around 98 per cent of industrial accidents are prevent- 
able. Qf these, around 90 per cent involve such things as 
faulty inspection, inability of the employee, poor discipline, 
lack of concentration, unsafe practice, and mental or physical 
unfitness for the job. These factors may be eliminated or 
greatly reduced by adequate supervision and proper job 
placement by employers. The importance of what might be 
called the psychological or personal factors in causing acci- 
dents is firmly attested by Heinrich's conclusion that only 
around 10 per cent of industrial accidents are due to distinetly 
physical causes such as faulty equipment or bad building 
conditions. 

General Considerations 


Psychological versus physical conditions as causes of accidents 


It is the purpose of this chapter to point out a number of 
essentially psychological factors that have been found by 


1H. W. Heinrich, Industrial Accident Prevention (MeGraw-Hill, 1931) 
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experimental and statistical investigation to be definitely 
related to industrial accidents. It is not meant, however, to 
imply that all accidents are related to, or can be explained by, 
the psychological factors involved. The importance of such 
external conditions as machinery safeguards and working 
conditions is fully attested by the favorable safety records 
that have so often followed the installation of a program that 
deals primarily with these factors. The present discussion is 
limited primarily to the psychological aspects of safety, not 
because we fail to recognize the importance of the other 

‘aspects, but because this discussion is primarily intended 
to bring out the mental and personal features of a safety 
program. 


Lost-time accidents, home cases, and first-aid cases 

Any investigation intended to discover factors related to 
accidents must consider the severity of the accidents. One 
classification of accident experience makes use of three 
categories, namely: 

1. Lost-time accidents—those in which the employee 
loses time from the plant in addition to the day, shift, or turn 
in which the accident occurred. Lost-time accidents involve 
the payment of industrial compensation. 

2. Home cases—those in which the employee loses the 
remainder of the shift or turn on which the accident occurred. 
Accidents in this category do not involve the payment of 
industrial compensation. 

3. First-aid cases—those in which the employee receives 
first-aid attention at the plant hospital or a first-aid station 
and then returns to his job. 

The reason for classifying accidents according to a breakdown 
of this type is that the factors related to frequency of minor 
accidents are not all related to that of more serious accidents. 
This fact is definitely revealed in Table 43, which shows the 
relative frequency of lost-time accidents and first-aid acci- 
dents for eleven departments of a steel mill for the year 1940. 
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For both types of áccidents, the figures are given in terms of 
accidents per million man hours. A large difference in the 
relative frequency of accidents of the two types will be noted, 
the first-aid accidents far exceeding in number the lost-time 
accidents. A rather great difference in the order of impor- 
tance or frequency of these accidents in the different depart- 
ments will also be noted. For example, Department 7, which 
stands at the top in terms of first-aid accidents with 930 such 
accidents per million man hours for the year in question, is 
third from the top in lost-time accidents with 4.18 per million 


TABLE 43 
Accent Data FROM A STEEL MILL ror One Fisca YEAR 
Lost-T'ime Accidents First-Aid Accidents 
Department per Million Hours per Million Hours 
1 .91 433 
2 3.30 660 
3 2.36 574 
4 2.34 485 
5 8.37 496 
6 2.62 392 
7 4.18 930 
8 2.45 725 
9 2.65 504 
10 2.26 534 
11 -50 242 


man hours. Department 5, which stands at the top in lost- 
time accidents with 8.37 per million man hours, is seventh 
from the top in first-aid' accidents with 496 per million man 
hours. 'The rank order coefficient of correlation between 
frequency of these two types of accidents for the eleven 
departments studied was only .21. The conclusion indicated 
by this low correlation is that only a very slight relationship 
exists between the hazard of a given department with respect 
to the possibility of lost-time accidents and the hazard of that 
same department with respect to more minor accidents. 
Thus, the factors that result in a large number of first-aid or 
minor accidents do not necessarily result in a correspond- 
ingly large number of lost-time accidents, and vice versa. 
Throughout the discussion of this subject, therefore, we shall 
LJ 
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identify in the case of each statistical summary whether the 
data refer to lost-time or minor accidents. ` 

The importance of reducing lost-time accidents is indicated 
by the fact that the plant from which a number of the investi- 
gations reported in this chapter were obtained has estimated 
that a lost-time accident involves a minimum cost of $2000 to 
the company. First-aid injuries, on the other hand, are 
considerably less expensive. However, no actual figures on 
the exact cost of these latter injuries are available. 


Accident proneness 


When industrial safety first began to be given serious 
consideration by management, opinion differed considerably 
as to the relative importance of factors within the individual 
and working conditions as causes of accidents. It is obvious 
that a safety program within a plant must depend upon 
specific knowledge of whether these factors are both operating, 
and, if they are, of what their relative importance is for the 
plant m question. The concept of accident proneness is 
concerned with whether each employee tends to retain a given 
accident rate in comparison with other employees regardless 
of changes in the general physical condition of the machinery 
and working conditions within the plant. To the extent that 
each employee does tend to retain his same relative accident, 
rate from one time to another, we may conclude that personal 
factors, peculiar to that individual, are affecting his accident 


.record. This situation has been called accident proneness. 


Accident proneness is a descriptive rather than an explanatory 
term. When an individual employee is found consistently to 
experience more accidents than the average employee, he 
may properly be classified as an accident-prone employee. 
Such classification does not, however, explain why he is acci- 
dent prone; an explanation would require identification of the 
causes of his accident proneness. 

The relative importance of working conditions and 
accident proneness as causative factors varies from one 


= 
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plant to another. In plants where the machinery used is 
unavoidably dangerous in itself, the former is of greater 
importance. In plants where the working conditions in and 
of themselves are not hazardous, the latter factor is of greater 
importance. When individual or personal factors are causing 
the trouble, it is clear that an adequate safety program must 
make provision for the individual handling of the high 
accident rate or accident-prone employees. It is, therefore, 
of vital importance for the safety director of a plant to know 
the extent to which his own employees are affected by acci- 
dent-proneness factors. 

In nearly every investigation of industrial accidents, 
accident proneness has been found to be a factor, and in some 
cases, a vitally important factor. \The work of Greenwood 
and Woods,? Marbe,* and others whose work has been sum- 
marized by Viteles* tends to support the statement that 

- “accidents do not distribute themselves by chance, but they 
happen frequently to some men and infrequently to others as 
a logical result of a combination of cireumstances."5 Several 
more recent investigations substantiate this general conclu- 
sion. The work of Slocombe,’ for example, revealed a cor- 
relation of .51 between accidents for two successive years. 
Slocombe concluded, among other things, that the accident- 
prone men, as identified from their record for a given period of 
time, will subsequently experience more accidents than the 
average in 76 per cent of the cases. It is not our intention 
here to resummarize the excellent digest of the literature on 
this subject already published by Viteles. Our purpose, 


2 M. Greenwood and H. M. Woods, “The Incidence of Industrial Accidents, 
With Special Reference to Multiple Accidents,” Industrial Fatigue Research 
Board, No. 4 (1919). 
^ad Marbe, Praktische Psychologie der Unfälle und Betriebscháden (Munchen, 
1926). 

* M. S. Viteles, Industrial Psychology (W. W. Norton, 1932). 

5 Ibid., page 334. ` 

5 C. S. Slocombe, “Consistency of Operating Efficiency,” Personnel Ji 
VIII (1930), pp. 413-414, RASTRA 
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rather, is to present certain statistics not previously pub- 
lished that have a direct bearing on this topic. These 
statisties both strengthen the case for the concept of accident 
proneness in industrial accidents and answer certain ques- 
tions which previous investigations have not particularly 
considered. 

Table 44 summarizes certain facts pertaining to hospital 
visits from the employees of eleven departments of a sheet and 
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Fic. 126—Relation between number of hospital visits for two 
Successive years among approximately 9,000 steel workers. 


tin mill employing around nine thousand employees for the 
years 1938 and 1939. The second, third, and fourth columns 
reveal respectively the average number of hospital visits per 
man for the year 1938, the year 1939, and for the two years 
combined, for each of the eleven departments as well as for 
the mill as a whole (in the bottom row). In the remaining 
columns of this table the average hospital visits per man for 
the year 1939 are given for the employees who had previously 
been classified according to the number 
experienced in 1938. "Thus, for Department 1, the individ- 
uals with no hospital visits during 1938 averaged .61 hospital 
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visits in 1939, whereas in this same department the employ- 
ees with seven visits in 1938 averaged 2.50 visits in 1939. 
Although some inversions of the data from one category to 
the next occur, particularly in departments where the total 
number of men was not large, the general trend in all depart- 
ments is toward an increase from left to right. When atten- 
tion is turned to the data summarizing the mill as a whole, 
which are tabulated in the lower row, this trend is seen to be 
still more pronounced. For the mill as a whole, no inversions 
whatever are found in the tendency. ) 

These data for the entire mill are shown graphieally in 
Figure 126. In this figure the number of hospital visits for 
1938 is plotted along the base line or abscissa and the cor- 
responding number of hospital visits for the following year of 
1939 along the ordinate. “From these data we may con- 
fidently state that the average employee tends to retain 
approximately his same relative position with regard to 
hospital -visits for any two successive years. 


Accident proneness versus the job in relation to accidents 


The question may be raised as to why those employees 
who had nine hospital visits during the first year did not, on 
the average, have nine such visits during the second year 
instead of 5.14 visits as revealed by the data. If factors 
within the individual, or accident proneness, were the sole 
cause of hospital visits, then the employees with nine hospital 
visits during 1938 should also have had on the average nine 
such visits during 1939. The discrepancy between the nine 
visits experienced by employees in this group during 1938 and 
the 5.14 average visits experienced by these same employees 
in 1939 may be taken as indicative of the relative relation of 
accident-proneness factors versus external factors to hospital 
visits in the mill in question. In other words, we may say 
roughly that of every nine hospital visits made by the most 
accident-prone group, slightly more than five are essentially 
related to the accident proneness of these individuals and the 
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remaining four cannot be related so clearly to individual 
factors within the employees. To prove the importance of 
the accident-proneness hypothesis, it is not necessary that the 
high-accident group for any year retain the same level of 
accidents for a subsequent year, but only that this group 
account on the subsequent year for a number of accidents 
significantly greater than the average of the plant. As 
revealed in Table 44, this situation is clearly the case for the 
mill in which these statistics were gathered. 

An objection may be raised to the results given above as 
evidence of the fact that an individual or personal factor 
operates in the causation of accidents. This objection is that 
the job to which each employee is assigned may involve a 
specific accident hazard which, remaining the same or rela- 
tively the same from one year tó another, results in a con- 
sistency of accidents for each employee from year to year, a 
consistency due:more to the accident hazard of a given job 
than to any factors within the individual. It must indeed be 
admitted that each job has a relatively constant accident 
hazard and that this hazard clearly varies by rather marked 
amounts from one job to another. This fact is brought out 
in Table 45, which gives the average number of hospital visits 
per year for employees on eleven specific jobs in a steel mill. 
It will be noted that the average number of hospital visits 
varies from 3.55 in the case of cranemen down to .47 in the 


case of roll turners. It might reasonably be expected that’ 


this ratio of 7 to 1 found among this sampling of eleven jobs 
would be still larger if a larger sampling of jobs had been 
included in this survey. The table will suffice, however, to 
set forth clearly the fact that a specific hazard on different 
jobs does exist and that this hazard is likely to vary by a 
rather large amount from one job to another. | 

This situation makes it necessary to rule out the element 
of job hazard in evaluating the concept of accident proneness. 
This was done in Table 46 by reassorting the data according 
to specific jobs. Table 46 is similar to Table 44 in general 
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interpretation. In it, however, the employees are divided 
aecording to the particular job they are on rather than the 
department in which they are working, as was done in Table 
44. "Thus, all openers, regardless of the department in which 
they are working, as we move from left to right across any 


TABLE 45 
VARIATION IN ÁvERAGE NUMBER or HOSPITAL Visits PER YEAR AMONG 
EMPLOYEES ON ELEVEN DIFFERENT JoBs $ 
Average number of 
hospital visits 


Job per year 
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row, are exposed to approximately the same accident hazards. 
It may be seen in Table 46 that for nearly every job the. 
average number of hospital visits for 1939 shows a progressive 
increase. The combined data for the eleven jobs considered 
are summarized in the bottom row of Table 46 and are por- 
trayed graphically in Figure 127; We note nearly as definite 
a relationship between accidents of two successive years in 
Table 46 and Figure 127, when the element of job hazard has 
been essentially eliminated, as we previously noted in Table 
44 and?Figure 126 when the job-hazard element might 
conceivably have had.a significant effect upon the results. 
From the data, it seems safe to conclude that accident prone- 
ness, or individual aecident susceptibility, is significantly 
related to th type of accident that results in hospital visits 
for the plant studied. 

It is one thing to determine, as the data above demon- 
strate, that an appreciable number of hospital visits are due 
to accident proneness or factors within the individual. It is 
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quite another thing, however, to identify the particular 
factors within the individual that determine accident prone- 
ness. In other words, once the concept of accident proneness 
has been established as an operating factor, the next question 
that arises is: What are the particular factors within an 
individual which tend to give him the particular degree of 
accident proneness that he is known to possess? It is obvious 
that two men could be equally prone to accident for entirely 
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Fic. 127—Relation between number of hospital 
visits for two successive years among steel workers 
when hazard of the job is eliminated as a determining 
factor. 


different reasons. Theoretically, at least, one man may be 
constantly getting into accidents because he is blind or nearly 
blind, while another man with perfect vision may find himself 
equally often involved in unsafe practices because of an 
unconscious desire on his part to escape certain responsi- 
bilities by experiencing occasional minor (or even major) 
injuries. The remedy in the first case might be as simple as 
obtaining a new pair of adequately fitted spectacles. The 
remedy in the second case, if it could be effected at all, 
might involve an extended series of psychiatric treatments. 
The point is that the specific factors underlying accident 
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proneness must be determined before the plant management 
is in a position to make a really effective effort in the direction 
of reducing accident proneness of the high-accident employees. 


«External Factors Related to Accident Proneness 


It is a recognized fact that many nonpsychological factors 
influence the accident rate and, to some extent, determine an 
employee's accident proneness. For example, it has been 
pointed out by Vernon? that the accident rate increases 
during the latter part of the working day. According to 
Vernon's results, this tendency is so marked that during à 
12-hour working day women experienced 23 times as many 
accidents as during a 10-hour day. Although fatigue has 
often been considered the cause of this increase, the fact that 
the time of greatest accident rate as compared with hours 
worked is reversed on the night shift indicates that psy- 
chological rather than physiological factors are operating. 
Although Vernon’s results attach somewhat more importance 
to the length of working day than do other investigations of 
this subject, it is quite commonly agreed that as the working 
day is lengthened, the accident rate increases in greater 
proportion than the increase in number of hours worked. 

The job itself, as we have already noted, accounts for a 
part of accident proneness. Table 47 shows the hospital 
visits for ten departments of a sheet and tin mill. It will be 
noted in the last column of this table that the hospital visits 
per-man per year vary from a minimum of .55 to a maximum 
of 1.26. This difference clearly reflects the hazard of working 
in the different departments. Several investigators have 
found a good many other nonpersonal factors, such as heat, 
ventilation, and humidity, to be related to industrial acci- 
dents. Osborne and Vernon® report, for example, that 


7H. M. Vernon, “An Experience of Munition Factories During the Great 
War," Occupational Psychology, XIV (1940), pp. 1-14. 

5 E. E. Osborne and H. M. Vernon, “The Influence of Temperature and 
Other Conditions on the Frequency of Industrial Accidents," Industrial - 
Fatigue Research Board, Report No. 19 (1922). 
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whenever the temperature increases or decreases above or 
below a normal and comfortable level of around 70 degrees, 
the accident rate becomes correspondingly higher. 


TABLE 47 
DEPARTMENTAL DIFFERENCES IN HosPrrAL Visits RATE 
Number of Accidents Accident per Man 


Department Number of Men for 1939 & 1940 per Year 
Da 3 811 902 .95 
DM 573 1,144 1.26 
Bins 480 723 75 
dus 1,099 1,599 .78 
Bros 336 555 .67 
6. 582 1,123 Yb 
7 624 1,238 .98 
EE 1,192 2,206 .94 
D urs 373 529 .65 

10 1,101 1,945 .88 


It is also quite commonly accepted among safety men that 
an increase in the accident rate usually accompanies a step-up 
in production. Although this situation undoubtedly occurs 
in many individual plants when an attempt is made to step up 
production without adequate expansion of plant facilities, it 
is interesting to note that in a thorough study of the relation- 
ship between safety and production reported by the American 
Engineering Council? it was found, on a country-wide basis 
and over a period of years, that increased production in nearly 
every industry was accompanied by a decrease in the accident 
rate. This means that there is nothing inherently character- 
istic of a high-production rate that tends to make automatic- 
ally for a high-accident rate. Rather it means that, as high 
production is achieved in the normal course of events by 
improved machinery and capacity for output, the accident 
rate will be likely to decrease along with the technological 
improvements and plant expansion. In any event, the effect 
upon: safety of increased production, like the effect of temper- 


ature or job hazard, is essentially a physical rather than a 


? American Engineering Council, Safety and Production: An Engineering and 
Statistical Study of the Relationship Between Industrial Safety and Production 


(Harpers, 1928). 


434 ACCIDENTS AND SAFETY 


near-phoria test results and accident experience, the opposite 
relationship was found. These results are shown graphically 
in Figure 67 in Chapter 7. In this instance the greater 

.frequeney of accidents was found among employees who 
showed a tendency toward divergence. 

( Another study reported by Stump" showed significant 
relationship between accident experience and several visual 
functions measured by the Ortho-Rater.!? Other studies 
by Stump* have also shown significant relationships between 
vision and accidents. Wirt and Leedke," studying paper- 
machine operators and tradesmen, found that employees with 
visual skills below a certain level experienced more seri- 
ous accidents than employees with visual skills of greater . 
adequacy, 

The results of these several studies clearly reveal the 
relationship between vision and accident experience. When 
these statistics were first shown to safety men from one of the 
plants in question, a thorough study was made of the individ- 
ual case records of the various lost-time accidents. Nowhere 
in the description of these accidents, which had been written 
at the time of the accident by persons familiar with the 
background of each mishap, could there be found reference 
to the fact that faulty vision had played a part in causing the 
accident. These individual case studies did not reveal a 
deficiency of vision of the employee responsible for the 
accident. Yet the statistics show that the visual factor is 
operating. On an actuarial basis, it can be predicted that, 
if all plant employees had been required to pass the critical 
vision tests, the lost-time accident rate among the employees 


1 N. F. Stump, “A Statistical Study of Visual Functions and Industrial 
Safety," Journal of Applied Psychology, XXIX. (1945), pp. 467-470. 

12 The Ortho-Rater is described on pages 187 ff. 

17 N, F. Stump, “Visual Functions as Related t 
Personnel, X XI (1944), pp. 3-8; and “Industrial Sa: 
Journal of Psychology, XX (1945), pp. 369-379. 

^ B. E. Wirt and H. H. Leedke, “Skillful Eyes Prevent Accidents," Annual 


News Letter, Industrial Nursing Seetion, National Safety Council, November, 
1945. 
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would have been markedly decreased. The uncovering of 
the importance of this factor by statistical investigation, 
which had long escaped notice through ordinary case study of 
accidents, is a striking illustration of the value of the statistical 
approach in revealing hidden factors in any phase of human 
behavior. 

No one should conclude from these statistics, however, 
that faulty vision is the sole cause of industrial accidents. 
Just as all kinds of factors may cause disease, so all kinds of 
factors may cause accidents. But the statistics do prove that 
faulty vision is one of the factors related to accidents. Cer- 
tainly this factor is sufficiently important to deserve much 
more attention than it has received in many industrial plants 
in the past. ` Programs for such attention have been discussed 
in detail in Chapter 7. 


Age and plant service 


A number of the investigations of the relationship between 
accident rates and plant experience or job experience of the 
employee have been reported. As might be expected, these 
investigations do not reveal entirely consistent results from 
one plant to another or from one industry to another. In 
most of these studies it has been found that the accident rate 
is higher among the younger, more inexperienced employees. 
This is the conclusion reached by Hewes, !® Gates, ! Schmitt, !? 
and Lipmann.!? Previously unpublished data obtained in a 
sheet and tin mill also show a drop-off in the accident rate 
with the age of the employees, their years of service in the 
plant, and their years of service on their present jobs. "These 


15 A, Hewes, “Study of Accident Records in a Textile Mill,” Journal of 
trial Hygiene, ITI (1921), p. 6. 3 x A 

nm 8. Gates, “A Statistical Study of Accidents in Cotton Mills, Print 

Works and Worsted Mills of a Textile Company,” Journal of Industrial Hygiene, 


. 8. 
Hn CU. Bimiti, *"Unfállaffinitit und Psychotechnik im Eisenbahndienst,” 


‘elle Psychotechnik, III (1926), pp. 144-153; 364-366. 
oars an, Unfállursachen d Unfállbekampfung (Berlin, 1925). 
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relationships are shown graphically in Figures 128, 129, and 
130. Except for a low point of the curves for the very young 
or very inexperienced employees, there is a continuous 
decrease in hospital visits with increasing age or increasing 


plant or job experience. Y 
Several possible explanations for the trends shown in 

Figures 128, 129, and 130 have been offered. It has been , | 

1.5 


o 


HOSPITAL VISITS PER MAN 
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20 25 30 35 40 45 50 55 60 
AGE 
Fic. 128—Relation between age and hospital visits per man per year among 9,000 
steel workers, 


suggested that the younger employees are placed on the more 
hazardous jobs and that, as they become older and more 
“plant wise," they tend to be transferred to jobs of greater 
relative safety. It has also been suggested that the younger 
employee, who, in general, has relatively few family responsi- 
bilities, is less cautious and more likely to take chances than 
the older employee and therefore becomes involved in a 
greater proportion of industrial accidents. It has been 
further suggested that the younger employee is less acquainted 
with the possible dangers that exist in connection with the 
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different machines and is thus more likely to subject himself 
to situations in which an accident is likely to occur. Any or 
* all of these factors (and possibly other factors which have not 


HOSPITAL VISITS PER MAN 
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E YEARS OF SERVICE IN PLANT 
Fic. 129—Relation between years of service in 
the plant and hospital visits per man per year among 
9,000 steel workers. 
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Fig. 130— Relation between years of service on present job 
and hospital visits per man per year among 9,000 steel workers. 


been mentioned) may account for the results found. What- 
sš ever may be the cause or combination of causes, it is clear 
that in the plant studied the younger employee accounts for 
far more than his share of accidents. An adequate safety 
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program must therefore take into account the age and service 
differential in accident susceptibility. This can be done by 
safeguarding the younger employee while he is becoming 
experienced on the job, by organizing safety conferences with 
particular reference to these employees, and by making other 
efforts to instill in this high-accident group those habits of 
work and methods of thought which tend to reduce the 
hazard. 

It should be emphasized, however, that the relationships 
described above are not necessarily true of industry in general 
and that in certain other investigations a reversed type of 
relationship has been found. Stevens,” for example, found 
in the plants which he studied that frequency of accidents 
increased with age and that the mature workman is disabled 
for a longer period than is the younger man when an accident 
does occur. Shrosbree? also reports statistics from one 
industry to show that workers 9f longer service are a greater 
hazard. This is due, according to Shrosbree, to their becom- 
ing accustomed to danger and hence less careful than the less 
experienced employee. Although the general rule seems to 
be a decrease in accidents with age, the last two studies cited 
indicate that this is not an invariable rule and 
ally, even the reverse principle may exist. 
thing to realize is not that a single rule necess. 
every industry, but that in any given indust; 
conditions and other factors probably result 
relationship. It is important for a safety 
what relation exists in his plant and to 
program specifieally to that particular gro 
young or old, who are working under the 
hazard. Data of the type reported here a 


that, occasion- 
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A. F. Stevens, Jr., “Accidents of Older Workers: Relati t 
Extent of Disability,” Personnel Journal, VITI (1929), pp. xU aro vi 

?» G. Shrosbree, “Relation of Accident Proneness to Length of Services? 
Industrial Welfare (1933), pp. 7-8. ] 
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to obtain in any industrial organization. As Howard’! has 
emphasized, such data should definitely be in the hands of the 
safety director in formulating and administrating his safety 
program. 


Emotional factors 


Two emotional factors which have been found to be related 
to employee accidents are general emotional maturity and the 
emotional state at the time of the accident. An analysis of 
the causes of accident susceptibility among fifty motormen of 
the Cleveland Railway Company, published by the Metro- 
politan Life Insurance Company,)is reproduced in Figure 
131. (In this analysis four single items, namely, faulty 
attitude, impulsiveness, nervousness and fear, and worry and 
depression, account together for 32 per cent of the accidents 
among the group studied. Since these four items are essen- 
tially emotional in nature, it may be inferred that emotional 
conditions account for a considerable proportion of accidents. 
It is well accepted psychologically that many individuals vary 
in their general emotional state between a “high” and a 
“Jow” condition. These conditions are often fairly regular 
in their occurrence and appear in a cycle which ranges from 
one extreme to another. This situation is readily recognized 
in its extreme form, as it results in the so-called manic- 
depressive psychosis. In a minor form, however, it charac- 
terizes many people who are in no sense of the word psychotic, 
but who do, nevertheless, experience definite “ups and 
downs” in their general emotional state. The relationship 
between these emotional cycles and the frequency of accidents 
has been shown in an investigation by Hersey,? who found 
that the average worker is emotionally low about 20 per cent 
of the time and that more than half of the four hundred minor 
"M A 


21 R, R. Howard, “Importance of the Human Factor in Industrial Acci- 
dents," Journal of American Insurance—Chicago, II (1942), pp. 11-14. 
2 R, B. Hersey, ‘Emotional Factors in Accidents," Personnel Journal, XV 


(1936), pp. 59-65. 
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accidents studied occurred during these low periods. Accord- 
ing to chance alone only 20 per cent of the accidents would 
have occurred during such periods; the differential may 


PRIMARY CAUSES OF ACCIDENT-PRONENESS 


Percentage Distribution Among Fifty Motormen 
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condition is further attested by another study by Hersey?* 
in which it was reported that the production of industrial 
workers is around 8 per cent higher during periods when the 
men are elated, happy, hopeful, and co-operative than when 
‘they are suspicious, peevish, angry, disgusted, pessimistic, 
apprehensive, or worried. A favorable emotional condition 
thus not only is desirable from the standpoint of safety but 
also from the standpoint of plant productivity. 

Supervisors and others dealing with human relations 
problems have long been aware of the fact that certain indi- 
viduals vary from day to day in their agreeableness or ability 
to get along with others. Too often it has been the practice 
to handle such individuals either with a sharp reprimand or a 
general comment to the effect that so and so has a “grouch 
on" today. An employee who periodically gets a ‘‘grouch 
on" very likely is one who is afflicted with more than the 
average amount of cyclic fluctuation in his emotional state. 
To reprimand such an employee usually does about as much 
good as to reprimand a man with a broken arm for not doing 
his full share of work. Such an individual should be dealt 
with clinically to unearth the cause of his emotional condition. 
If this is impractical, he should be kept off of a job that is in 
any way hazardous for the duration of his unsatisfactory 
emotional state. It should be emphasized that an employee 
who suffers from extreme variations in mood is not doing so 
for the fun of it. He cannot help himself and he, himself, is 
unhappier as à result of his condition than are any of the 
people who are in contact with him. 

Aside from the fairly common fluctuations in tempera- 
ment that are quite certain to be found among a few at least 
of any large group of employees, there is the matter of general 
emotional maturity in responses whieh varies considerably 
from one person to another. It is entirely possible for an 
individual to be fifty years old by the calendar and yet be only 
eer B Hersey, “Rates of Production and Emotional State," Personnel 
Journal, X (1932), PP 355-364. 
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five or six years old in terms of the level of his emotional 
behavior. A certain level of emotional development charac- 
terizes each state of the normal growth process. The baby 
cries and sleeps, the two-year-old kicks and screams, the 
eight-year-old fights, the adolescent sulks. The normal adult 
seldom indulges in any of these kinds of behavior; instead he 
has matured to a point where he recognizes and practices 
other, more social ways of gaining his end. Occasionally, 
however, we find a supposedly mature individual who has not 
grown up emotionally. He curses and fights like’ a child, 
sulks like an adolescent, and even occasionally cries like a 
baby. Such behavior obviously does not result in the degree 
of carefulness and responsibility that is necessary for safe 
practice in a modern industrial plant. 

An indication of emotional characteristics of employees 
may often be obtained by means of personality tests such as 
those described in Chapter 6. Such tests, however, are of 
little value in measuring personality or emotional character- 
istics of an individual who does not want to be measured. 
Unfortunately, an unwillingness to be measured is often found 
in the very employees who are most in need of emotional 
development. | The unwillingness itself is often a symptom 
of emotional maladjustment. „Such cases require definite 
therapeutic measures of the type described by Anderson?! and 
Wright.?° Anderson describes several points to be followed 
in making a psychiatrie study of an employee who has had 
emotional difficulties. Wright describes in some detail the 
counseling plan that has been in operation for a period of years 
in several plants of the Western Electric Company. The 
essential feature of this plan is that provision is made for 
individual study and counseling of problem employees by 
professionally trained counselors. Sometimes a counselor 


?5 V, V. Anderson, “The Problem Employee, His Study and Treatment,” 
Personnel Journal, VII (1928), pp: 203-225. 


35 H, A. Wright, “Personal Adjustment in Industry,” Occupations, XVIII 
(1940), pp. 501-505. 
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will spend only a single period of a few minutes with an 
employee and will find that the problem of the employee has 
been satisfactorily solved. But often the counselor will find 
it necessary to devote a number of periods of one hour or even 
longer to a single employee before the trouble is really 
unearthed and the way made clear for a satisfactory solution. 
The work of these counselors might be described as a sort of 
applied psychoanalysis, although it differs in many ways from 
a really psychoanalytic treatment. 

Some type of individual study and treatment seems 
definitely to be necessary in the case of those employees who 
are handicapped by severe emotional problems. Such treat- 
ment, while clearly of personal value to the employee, need 
not be looked upon by management as a sheerly paternalistic 
venture; on the contrary, it should be viewed primarily as a 


`- financial and business venture. The solution of the emotional 


problems of employees is a paying proposition in terms of 
reduced accidents and increased production. 


Mental ability 

Numerous investigations have shown that a certain 
minimum mental ability is required if an employee is to escape 
the hazards that are to be found in any industrial plant. 
Chambers?* found that very few accident-prone individuals 
were above average in handwork, intelligence and learning 
ability, dependableness, and industry ^ The accidents for the 
most part were contributed by individuals who were relatively 
low in the traits associated with mental ability. In another 
investigation, Henig” found a definite relation between 
accidents in the Essex County Vocational School at West 
Orange, New Jersey, and scores on the Army Alpha Mental 


26 E. G. Chambers, “A Preliminary Inquiry into the Part Played by Char- 
acter and Temperament in Accident Causation," Journal of Mental Science, 


XXXV (1939), pp. 115-118. 
I nes M. a Henig, “Intelligence and Safety,” Journal of Educational Research, 


XVI (1927), pp. 81-87. 
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and a negative final score results when the opposite situation 
with reference to the two initial tests prevails. 

After the composite test score obtained in this manner had 
been obtained for each of thirty-eight employees, the accident 
index of each employee was computed according to the follow- 
ing formula: 

AE Number of Accidents X Severity 
Length of Service in Months 

The next step was to plot the accident indices so obtained 

for the 38 employees against the composite test score. This 
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Fic. 132— Relation between accident proneness 
and test scores dealing with perceptual and muscular 
speed. 
has been done in Figure 132. The general trend of the 
relationship is clear. Though it is not a straight line or linear 
relation, individuals with negative composite scores show a 
definite tendency to be among those with the high accident 
indices, whereas those with the positive composite scores are 
relatively free from accidents. Drake's Statement of the 
principle involved, as illustrate 


ipl d in Figure 182, is that 
"Individuals whose level of muscular action is above their 


In other words, the 
rceive is more likely 
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to have accidents than is the person who can perceive quicker 
than he can react." 


Other psychological factors 


Other attempts have been made to identify the accident- 
prone employee by means of tests; notable among these is the 
work of Farmer and Chambers.? "These investigators admin- 
istered to a number of industrial employees a group of muscu- 
lar tests (dotting tests, reaction time tests, and pursuit meter 
tests), a group of what were called temperamental instability 
tests (including muscular balance, rate of tremor, and psycho- 
galvanic reflex), and tests of the higher thought processes 
(which included intelligence and a number-setting test). 

Follow-up studies were then made to determine whether 
employees who were above average in these tests were, in 
general, more free of accident records than employees whose 
test scores were below average.. For six separate groups of 
employees, it was found, those whose performance on the 
dotting tests was better than average had a more favorable 
safety record than the poorer testing employees. Apparently 
the muscular skill required to obtain a favorable score on the 


dotting test is, in some way, of value to an employee in helping 


him to avoid accidents in the plant. ; 

No one would contend on the basis of the preceding 
studies that any single one of the factors discussed is the only 
one related to industrial accidents. But the analyses indicate 
that, in the studies cited, each factor is related in some 
measure to plant accidents and that, together, these identified 
factors are associated with a significant proportion of such 
accidents. It seems clear, then, that individual safety can 
never be fully attained by improvement of working conditions 
and safeguarding the machines. No matter how safe a 
machine is, the accident-prone employee may find himself 
injured by it. An employee whose vision is unsatisfactory 


ca 
30 Farmer and Chambers, op. cit. 
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can severely injure himself on a machine that is perfectly 
safe for an employee with normal vision; and an employee 
with a temporary or continuing maladjustment may be 
injured even when the machines with which he is in contact 
are provided with every known safeguard. 'The individual 
must be considered, for the causes of many accidents are to 
be found only by exploration of his make-up. The adequate 
handling of the accident-prone employee is just as important 
a part of the safety engineer's job as is the installation of 
machinery safeguards. 


How to Reduce Accident Proneness 


Several ways to reduce the proportion of accident-prone 
employees among newly hired employees and to reduce the 
degree of accident proneness among present employees may 
be seen to follow logically from the foregoing statement of 
factors that are related to accident proneness. 


Psychological tests at the time of employment 


When it has been found that accident-prone employees and 
safe workers make significantly different scores on a psycho- 
logical test, that test may safely be used at the time of employ- 
ment to detect and reject those applicants who are in the 
unsafe or accident-prone category. Rigid adherence to such 
a policy of hiring in the employment office is as beneficial to 
the rejected employees as to the management. When 
employees are hired without reference to those psychological 
and personal factors that are related to accident proneness, the 
end result is the placement of employees in such a manner that 
an unnecessary number of accidents occurs. For example, it 
has been demonstrated (see page 219) that employees who 
fail certain vision tests experience more industrial accidents 
than employees who pass those tests. Therefore, the hiring 
of employees without regard to their scores on vision tests is 
almost certain to be followed by a poorer safety record than 
could easily be obtained if certain critical Scores on these tests 
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were made one of the requirements for employment. Many, 
perhaps most, industries give some sort of vision test as a 
part of employment procedure. But often this test consists 
only of the Snellen Chart at twenty feet, and this test meas- 
ures no more than visual acuity at that distance. Among 
employees passing this test are many who experience accidents 
because of visual trouble (such as lateral or vertical phorias) 
that is not detected by the Snellen test. A comprehensive 
visual performance test is necessary as a part of employment 
procedure if the employees who are accident prone for visual 
reasons are to be identified. Many, if not most, failures on 
visual performance tests can be remedied by. proper profes- 
sional attention. But without the stimulus of vision tests at 
the time of employment, many applieants would be quite 
willing to go to work with vision entirely inadequate for safe 
conduct within the plant. 

Other tests dealing with such factors as mental ability and 
muscular speed may also be used to advantage, particularly in 
selecting employees for the more hazardous jobs. The several 
investigations summarized on the relation between mental 
ability and accident experience all point to the general 
conclusion that a minimum score on an adequate mental 
ability test should be required of employees who are to be 
exposed to the normal hazards of a modern industrial plant. 
This does not mean that a particularly high critical score need, 
or should, be required for many jobs; but it does mean that a 
reasonable minimum score should be required and that an 
applicant who is so low in mental ability as to fall below that 
score should not be employed. 


Safeguarding and training inexperienced employees 


The fact that young or inexperienced employees ordinarily 
experience more than their share of industrial accidents 
suggests the need for special care in building up a ‘‘safety 
consciousness" in the members of this group. This may be 
done in several ways. New employees often may be placed 
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for a time on jobs that are not hazardous but that are close 
enough to those jobs where great care must be exercised that 
the new employee will have an opportunity to learn by obser- 
vation something about the machinery with which he later 
will be in contact. This procedure enables the new employee 
to have a “breathing spell" during which he can adjust 
himself to the plant and overcome whatever feelings of uncer- 
tainty and anxiety he may have immediately after going to 
work in a strange (and, to him, often awesome) industrial 
plant. 

Another method of helping the new employee is to assign 
him to periodic safety conferences. Conferences of this type 


are becoming more and more widely used as a tool of manage- ~, 


ment, particularly on a supervisory level, and more is said 
about the general nature and purposes of such employee 
conferences on page 275. These conferences are of real 
value as one means of assisting the new employee in his task 
of becoming familiar with the hazards of his job. Every 
safety engineer has available a list of unsafe practices that 
apply to the several departments and operations of his plant. 
These unsafe practices are usually fairly well known to experi- 
enced employees who have seen men hurt when the safety 
rules were not followed, and who, therefore, are likely to avoid 
the unsafe practices with reasonable care. But the new 
employees, who often do not know what the unsafe practices 
are, are likely to endanger themselves not because they are 
essentially careless or foolhardy, but simply because they do 
not know how to be safe. 

Posters and placards may help the new employee to some 
extent, if the posters tell him specifically what to do and what 
not to do, and if he reads the posters and remembers what he 
reads. But too often posters simply show an accident and, 
in large type, say ‘‘Be Careful.” Since only the maladjusted 
individual is likely to hurt himself voluntarily, the degree of 
carefulness of the ordinary employee is determined by (1) 
what he knows of safe and unsafe practices, and (2) how 
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important he thinks it is to follow his knowledge on the 
subject. In other words, some employees follow unsafe 
practices because they actually do not know any better. 
The need in such cases is for specific information on what to 
do and what not to do. A systematic and comprehensive 
series of conferences covering this specific information is a 
much more effective means of informing the employees than 
is the chance and casual learning obtained from posters or 
from observations that employees may (or may not) make. 
Once the information has been given to the employees, still 
further education is necessary to make sure that they believe 
as well as know that certain practices are unsafe. 


Personal protection 

The use of recommended safety measures, such as safety 
goggles and safety shoes, might be considered primarily as 
physical rather than psychological equipment, if it were not 
for the fact that the use an employee makes of such safeguards 
is so often determined by his own personal beliefs, attitudes, 
and, sometimes, prejudices. Many men believe that safety 
goggles are unnecessary even on jobs that are demonstrably 
dangerous because "they have never had an accident.” 
This is one instance in which neither management nor 
employees can safely follow the adage that experience is the 
best teacher. Those who wait for experience to teach them 
that goggles should be worn to protect their eyes may have no 
eyes to protect after they have learned the lesson. The 
adequate utilization of safety measures requires not only that 
such measures be made available to the employees but also 
that the employees be educated in the use of these measures 
and convinced of their value. It is just as much a part of 
management's job to insure the success of the educational 
part of the program as to supply the safety measures. 

Job analysis and accident records often reveal that 
employees on certain jobs are particularly liable to visual 
injury- However, until such studies have been made, 
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management is not always aware of the particular depart- 
ments or jobs in which a visual hazard is most likely to exist. 
Table 49 shows a breakdown by departments of the relative 
frequency of seven different types of minor injuries experi- 
enced during two years by approximately 9000 employees in 
a steel mill. It was noted that in one of the ten departments, 
Department 7, visual injuries were more frequently experi- 
enced than any other type of accident. In eight of the ten 
departments visual injuries were second in frequency, and in 
one department the visual injuries were third in order of 
frequency. For the plant as a whole, eye injuries were second 
in importance, being exceeded in frequency only by cuts and 
bruises. Many of the eye injuries reported were of course of f 
a minor nature, perhaps involving little more than careful ^ 
removal of a foreign body from the eye. However, even 
injuries of this nature would be better prevented, for they 
involve not only loss of time for the employee and the com- 
pany but also the possibility of serious complications requiring 
compensation and rehabilitation. 

Influenced by such evidence as that presented in Table 
49, many industries have adopted a mandatory safety-goggle 
program. Such a program requires the wearing of safety 
goggles by everyone in the plant at all times and regardless of 
his job. The experience of organizations that have adopted 
such a program, such as the Pullman Company, has been 
highly favorable. Indeed, these companies report a marked 
financial saving that is directly traceable to the reduction in 
eye accidents effected by the safety-goggle program. 


Immediate attention to injury 


Management finds it a 
every injury, no matt 
adequate attention. 


paying proposition to be sure that 
er how slight, receives prompt and 
It is not enough to have hospital or 


^ H, Guilbert, “No One Ent, Thi Ti ? Factory 
A T es ed ers This Plant Without Goggles," Fa 


XCVI (1938), pp. 83-85. 
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first-aid service available for an employee to make use of if 
he wishes to do so. Means must be found to insure his 
making use of such facilities. Very often factors that have 
been totally overlooked by management effectively prevent 
many employees from taking advantage of available first-aid 
facilities. In one mill, for example, two machine shops con- 
tained identical machinery, employed approximately the same 
number of men, and turned out the same kind of work. An 
analysis of the accident records at the end of a year showed 
that the employees in one of these shops averaged 1.73 hospital 
visits per man for the year, whereas the employees in the other 
shop averaged only 1.10 hospital visits per man for the same 
period. So great a difference in the apparent hazards of the 
two shops was entirely unexplainable in terms of the men, the 
work, or the shops themselves. After thought was given to 
the problem, it was remembered that the hospital in which 
first aid and treatment were administered was next door to 
one of the machine shops but wàs about five hundred yards 
from the other. The men in the shop close to the hospital 
took advantage of the service in nearly 60 per cent more cases 
of minor injury than did employees in the more distant shop. 
The solution to this problem is in educating the employees in 
the latter shop to walk five hundred yards to receive treatment 
when treatment is needed, or locating another emergency 
first-aid station closer to these men. Management should 
not and cannot take the point of view that the service is there 
and that employees. who do not take advantage of it are on 
their own responsibility. Management must see that the 
service is utilized if a satisfactory safety record is to be 
obtained. 


i) 


14 
Attitudes and Morale 


IN an army, a school system, or an industrial plant, there 
is no substitute for morale. The main difference between 
men and machines is that the productivity of a man is deter- 
mined very largely by the way he feels about his job and the 
other employees with whom he works, and by his attitude 
toward the company that employs him. There is an old 
saying that loyalty has no price. One can hire “hands” but 
the ^ hands" are of little value if the man who owns them feels 
that he is not being treated fairly by the management. 

The very use of the term hands in referring to employees 
(commonly encountered a few years ago and still prevalent in 
rural areas) reflects a mistaken viewpoint by management, as 
a man's hands alone are never hired. The whole man is 
always hired, and the whole man brings to work a good many 
things besides his hands. He brings the effects of too many 
or too few spankings as à child; of whether he won or lost in 
last night's card game; of whether his wife sent him to work 
with a scolding or a kiss; of whether or not the company 
“docked” his wages when, he was home last week with a sick 
child., Such things as these are of vital importance in deter- 
mining an employee's real value to a company. And such 
things as these, considered together for the whole working 
force, determine the morale of an industrial plant. 

Morale cannot be legislated or induced by logical argu- 
ment; neither can it be bought for a price. The employees of 
many industries with wage scales above average for the local- 
ity are constantly bickering pecouse they feel that ‘‘they are 
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not being treated fairly by the company.” Management has 
often made the mistake of assuming that high wages and short 
hours are the only things men want from their jobs although 
studies such as the one mentioned on page 458, as well as 
other surveys summarized later in this chapter, show that 
many non-monetary factors are considered of great impor- 
tance by both organized and unorganized working forces. 
When a company assumes that monetary factors and hours of 
work are the sole or basic reason for employee unrest, an 
attempt has often been made to remedy the situation by 
raising wages or shortening the hours of work, or both. And 
then management has been amazed by a continuation of the 
discontent and often has been quite unable to understand why 
the men do not return happily to work. 

Nor has the lack of understanding what men really want 
from their jobs been limited to management. Many employ- 
ees are themselves unaware of what is needed to make them 
satisfied with their jobs. This does not mean that the 
employees are unintelligent or that they have any special 
disability to analyze their true motives. It simply illustrates 
a well-established principle of normal human behavior, 
namely, that it is diffieult for anyone to identify in clear and 
unmistakable terms the forces that underlie his feelings and 
hisactions. Everyone has observed the employee who, under 
one supervisor or in one working group, continually sulks on 
the job because “the company doesn't pay him what he is 
worth," and, under another supervisor or in another working 
group, works in a contented and industrious manner for 
exactly the same wage. > It is not unusual to watch a.man’s 
attitude shift from one of chronic discontent to one of com- 
plete satisfaction following a shift from a job of low status to 
one higher in this intangible quality, even though the change 
in jobs involved no appreciable increase in wages. 

Every impartial study of what industrial employees want 
from their jobs has shown that many things besides high 
wages and short hours are desired. Such studies have shown, 
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also, that some employees consider these other things even 
more important than wages and hours. 


What Men Want from Their Jobs 


Typical of studies on this subject is one by Houser,’ who 
found that the nonselling employees (including unskilled 


TABLE 50 
RELATIVE Importance OF 28 Factors TO THE NONsELLING EMPLOYEES OF A 
LARGE MERCHANDISING ORGANIZATION 


Receiving help necessary to get results expected by management........ 
Being encouraged to offer suggestions and try out better methods....... 
Being able to find out whether work is improving..................00 
Reasonable certainty of being able to get fair hearing and square deal in 


4 

5 

6 

7 

8 

9 

10 

job... IDÉES 11 

Pay—Assurance of increases when deserved. . " : 12 

Being invited to offer suggestions when new plans are being considered.. 13 
Feeling that superior understands all about the difficulty of the individual's 

PROF AR MAE Gr riburesmagieneitenuerae a ta uerus i pu qm avs Md ER 14 
x ba to undqrstand completely the general methods which the su- 

erior wants follosved . è s s Ew 15 

Complete definition of duties. . T" , iW 

Not being responsible to too many superiors is Se seep nese 17 
Knowledge of other jobs in the organization which the individual feels 

capable of handling and would prefer 18 

Knowledge of other jobs preferred, even at same pay . 19 

Red tape in the organization, preventing best work.. " . 20 

Pay—compared to that of other jobs ofsequal importance in the organization. 21 

Pay—compared to that of similar work in other organizations............. 22 

Treatment when being employed... 23 

Knowledge of lines of promotion. . i 24 

Value of Mutual Benefit Association. ee : 25 

Being permitted to make important decisions in work 26 

Regularity of amount of work... c. ns MET 

edical Department......... esee 28 


Service of M 


d m 
1 J, D. Houser, 
pany, 1938), p. 29. 


What People Want from Business (MeGraw-Hill Book Com- 
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labor) of a large merchandising organization consider the 
factors shown in Table 50 to be the things they wanted from 
the company. The order in which these factors are listed in 
'Table 50 shows the relative importance attached to the factors 
by the employees. It is interesting to note that the employees 
of this company ranked the items concerned with pay twenty- 
first and twenty-second in importance. 
TABLE 51 


* 
PERCENTAGE OF UNION AND NoNuNION EMPLOYEES WHo CONSIDERED THE 
LisrED Irems as “Most IMPORTANT” Awoxa Facrons RELATED TO 


THEIR Joss 
Per Cent of Per Cent of 
Union Em- Non-Union 
ployees Check- Employees 
ing Item as Checking Item 


“ Most Rank as“Most Rank 
Important" of Item Important” of Item 


1 Employee stock subscription... 5 11.5 2 13.5 
2 Voice or share in managem: t.. 13 9.5 6 11.0 
3 Fair adjustment of grieve es.. 80 1.0 24 7.0 
4 Chance of promotion....  ... 28 6.0 47 3.0 
5 Steady employment....  .... 65 2.0 93 1.0 
6 Medical and dentalserv e..... 0 13.5 6 11.0 
7 Safety 57 3.0 21 9.0 
8 Amount of pay 49 4.5 51 2.0 
9 Working conditions. 49 4.5 45 4.0 
10 Hours of work........ 13 9.5 23 8.0 
11 Type of man in charge 9rd 18 7.5 38 5.0 
12 Methods of pay........-...+- 0 18.5 2 13.5 
13 Insurance systems and pensions 18 7.5 36 6.0 
14 Chance to show intiative...... 5 11.5 6 11.0 


Though studies of other employees in other plants do not 
consistently show the financial incentive to be so far down the 
list as it appears in Houser's study, other studies do almost 
universally show that non-monetary factors are of significant 
importance. Hersey,? in a study of union and nonunion 
employees, found that fourteen factors were considered 
“most important" by the percentages of employees tabulated 
in Table 51. 

Hersey did not find the financial aspect of the job to be 


? R. B. Hersey, “Psychology of Workers," Personnel Journal, XIV (1936), 
pp. 291-296. 
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quite so unimportant, in comparison with other factors, as 
did Houser in his study. Yet Hersey did find two things of 
importance. First, he found that amount of pay was not 
considered most important by most employees in either the 
union or the nonunion group. ‘‘Steady employment” was 
checked by more employees as a most important factor in 
both groups and, in the union group, the factors of “fair 
adjustment of grievances” and “safety” also outranked 
“amount of pay.” Second, Hersey found that still other 
factors, though admittedly of somewhat lesser importance 
than amount of pay to the majority of employees, are con- 


TABLE 52 
RANKING or TEN Items IN ORDER or Importance BY 325 Factory WORKERS 
Rank Factor 
1 Steady work 
Comfortable working conditions 
Good working companions 
Good boss 
Opportunity for advancemen: 
High pay ` 
Opportunity to use your ideas 
Opportunity to learn a job 
Good hours 
Easy work 


ODON ON 


= 


sidered of first importance by a sufficiently large percentage 
of employees to justify definite attention by management. 

Another investigation dealing with the factors that appeal 
to factory workers has been reported by Wyatt, Langdon and 
Stock.’ In this study, ten factors were ranked by the 325 
employees in the order of importance shown in Table 52. 

In this report, as in those mentioned before, many factors 
besides those of a monetary nature are considered of real 
importance by the industrial employees studied. 

Hoppock* has published the results of an interesting 
investigation into the problem of job satisfaction and the 
conditions that favor it. In one part of the study, eighty 


39, Wyatt, J. N. Langdon, and F. G. L. Stock, “Fatigue and Boredom in 
Re etitive Work,” Industrial Health Research Board, Report 77 (1937). 
r R. Hoppock, Job Satisfaction (Harper & Brothers Company, 1935). 
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persons representing a wide range in age, intelligence, occupa- 
tions, and earnings were interviewed. From these results 
Hoppock states that no conclusions are drawn except “that 
what happened in these cases can happen." However, the 
interview case studies corroborate the general conclusion 
reached above, that is, that job satisfaction is related to a good 
many things besides financial return. Some of these factors, 
as summarized by Hoppock, are "relative status of the indi- 
vidual within the social and economic group with which he 
identifies himself, relations with superiors and associates on 
the job, nature of the work, earnings, hours of work, oppor- 
tunities for advancement, variety, freedom from close super- 
vision, visible results, the satisfaction of doing good work, 
opportunities for service to others, environment, freedom to 
live where one chooses, responsibility, vacations, excitement, 
opportunity for self-expression, competition, religion, oppor- 
tunity for or necessity of traveling, fatigue, appreciation or 
criticism, security; and ability to adjust oneself to unpleasant 
circumstances.” 

Further evidence of the importance of non-monetary 
factors in influencing employee morale comes from a study 
reported by Roberts,* who made an audit of employee morale 
of 2,500 employees. His findings show the importance to 
morale of such factors as promotion procedures, favoritism, 
and the effective informing of employees of company policies. 
A study reported by Blum* also showed that certain non- 
monetary factors—job security and advancement—ranked 
above pay in their influence upon employee morale, 

These studies should not be interpreted by management 
as meaning that the average employee has no interest in his 
pay check or that he wants to be “fathered” or **mothered? 


*E. B. Roberts, “Tests to Determine Objectively the Effectiveness of a 
Industrial Relations Program,” Office Management Series, American Mana, " 
ment Association, No. 84 (1938), pp. 32-37. ge- 

* M. L. Blum and J. J. Russ, “A Study of Employee At: 


titud 
Various Incentives,” Personnel, XIX (1942), pp. 438-444, ude Toward 
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or in any other way made the beneficiary of a paternalistic 
system. The average employee wants to take care of him- 
self. He does not want the company to pay his medical or 
dental bills (see item 28 in Table 50 and item 6 in Table 51), 
nor is he particularly interested in being given a voice in the 
management of the plant (see item 26 in Table 50 and item 2 
in Table 51). He wants the opportunity to do a job for a 
reasonable wage, to have an impartial hearing if he thinks he 
has been treated unfairly, and to be reasonably sure of holding 
his job as long as his work is satisfactory. In one investiga- 
tion,’ the last-mentioned point, job security, was found to be 
more important than any other factor. ? 

Added to these factors should be an opportunity for the 
employee to work with a group that “accepts” him and of 
which he feels himself to be an integral part. A series of 
investigations conducted by Mayo? and his collaborators in a 
variety of plants has shown the influence of social and group 
factors upon the worker's production, quality, absenteeism, 
and related characteristics. "These studies show, among other 
things, that many of the factors (such as illumination) 
previously considered to be specific determiners of employee 
productivity operate in a much less specific and tangible 
fashion than has previously been supposed. For example, in 
a series of studies? of a small group of employees at the 
Hawthorne plant of the Western Electric Company, an effort 
was made to determine the effect upon production of varying 
the illumination. When the lighting was increased, produc- 
tion inereased; when the lighting was left the same, produc- 
tion also inereased; and when the lighting was decreased, 
production still increased. In this particular experiment, 
whatever was done had a favorable effect on employee job 


7D. McGregor, “The Attitudes of Workers Toward Layoff Policy," Journal 
of Abnormal and Social Psychology, XXXIV (1939), pp. 179-199. 
8 Several of these studies have been summarized by Elton Mayo, The Social 
Problems of an Industrial Civilization (Andover Press, 1945). 
? Reported by Whitehead, T. N., The Industrial Worker (Harvard University 


Press, 1938). 
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performance. The only reasonable explanation seemed to be 
that the employees in the experimental group considered 
themselves a rather special group of employees, and that they 
were responding in a favorable manner to whatever changes 
management made in their working conditions. There is 
little reason to believe that such factors as a new job evalua- 
tion plan, a new incentive plan, a new labor contract, or the 
careful selection and training of new employees would have 
entirely taken the place of this group feeling in improving job 
performance. But factors affecting employee morale might 
quickly undermine this group feeling; these factors, therefore, 
must be considered by management if employee morale is 
to be kept on the high level that efficient plant operation 
requires. 


The Measurement of Morale 


Morale cannot be weighed on a scale, like a pound of 
butter; it cannot be measured with a rule, like a strip of carpet; 
it cannot be gauged with a thermometer, like the temperature 
of a room. Yet, though it is intangible, it can be measured. 
Thorndike long ago pointed out that whatever exists, exists 
in some amount, and whatever exists in some amount can be 
measured. Certainly morale does exist. It is a character- 
istic of a group of employees that makes for success or failure 
of the plant as a business enterprise. Until recently, manage- 
ment attempted to keep in touch with the morale of the work- 
ing force only through such factors as chance remarks by 
employees, appearance and behavior of the men at work, and 
occasional reports by supervisors. These methods were none 
too satisfactory. It is one characteristic of an employee 
whose morale is poor that he is likely to keep his attitude to 
himself, particularly if he feels that he personally is likely to 
be identified with a condition of dissatisfaction. Therefore, 
if morale is to be gauged or measured, means must be found 
to encourage employees to express their honest feelings and 
reactions. One satisfactory method of doing this is by means 


t 
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of an anonymous employee-attitude survey. Such a survey 
makes use of a questionnaire adapted to the needs of the 
investigation. The employees are asked to check the 
questionnaire and drop it in a ballot box or mail it to a neutral 
center, frequently a university or management consulting 
organization. No one knows how any particular employee 
"Usweked the questionnaire, but from the average results, a 
UM andis picture of general employee reactions is often 
obtained. Attitude surveys of this sort may make use of a 
single “attitude toward the company” scale, or of a specially 
prepared questionnaire designed to determine employee 
opinion on a number of specific topics of interest to the 


management. 


Attitude scales 
A typical example of an attitude scale that may be used to 
determine the general attitude of employees toward their 


TABLE 53 
STATEMENTS Usep IN BERGEN'S SCALE FOR MEASUREMENT OF ATTITUDE OF 
EwPLovEEs TOWARD THEIR COMPANY 


Scale Value 


I am made to feel that I am really a part of this organization.... . 9.72 
n feel reasonably sure of holding my job as long as I do good work 8.33 
ie usually find out how I stand with my boss................. 7.00 
r ott whole, the company treats us about as well as we deserve.. — 6.60 

Otak training in better ways of doing the job should be given to all 
I mployees of the company... seen e 4.72 
en ever understood just what the company personnel policy is 4.06 
I job I don’t get any chance to use my experience........... 3.18 
qain dede find out how I stand with my boss............. eese 2.77 

T carge number of the employees would leave here if they could get 
a j PU ee pA A a 1.67 

as good jobs bue policy is to pay employees just as little as it 


think the company 
I can get away With. ...ccseeeeeseeete eter cece eetee nne .80 


any is shown in Table 53. This scale is taken from an 
yn by Bergen. The theory of such scales and detailed 
abr as for their construction have been described by 

jnstr 
«Finding Out What Employees Are Thinking,” The Con- 


en, n 
fe ME d ‘Management Record, April, 1939. 
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Thurstone and Chave.! Such a scale requires that numerical 
values be found for each of a series of statements that express 
2 thought (favorable, unfavorable, or indifferent) about the 
subject of the attitude survey. 

The numerical values assigned to the statements in Table 
58 are not determined arbitrarily. They are obtained from a 
careful series of experiments conducted during the construc- 
tion of the scale. In the scale construction, the first step is 
to write out a large number of statements, perhaps a hundred 
or more, each of which expresses a viewpoint of some kind 
toward the company. An effort should be made to have these 
Statements express all possible attitudes from extremely 
favorable to extremely unfavorable. Each of these state- 
ments is typed on a separate slip of paper and a judge is asked 
to place each statement in one of ten piles, ranging from 
statements showing the least favorable viewpoints, in pile 
one, to statements expressing the most favorable viewpoints, 
in pile ten. When the judge has allocated all statements, a 
tabulation is made of where he placed each one, and the state- 
ments are shuffled and given to another judge. This pro- 
cedure is repeated until the statements have been separately 
allocated to the various piles by approximately one hundred 
Judges. It should be emphasized that the hundred Judges 
used as described above are assisting in the construction of 
the scale. They are not having their own attitude measured. 
To measure attitudes with the scale is not possible until the 
scale has been constructed, and the allocation of statements 
to the several piles is a part of the process of constructing the 
scale. 

The purpose of the allocation is to determine the scale 
values of the various statements. If all judges tend to place 
à statement in piles toward the favorable end of the con- 
tinuum, we may safely conclude that that statement expresses 
a favorable attitude toward the company. If a statement is 


u L, L. Thurstone and E, J. Chave, The Measurement of Attitude (University 
of Chicago Press, 1929). 
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generally placed by the judges in piles toward the unfavorable 
end of the series, we may likewise conclude that an unfavor- 
able attitude is expressed by that particular statement. 
The piles are numbered from the unfavorable to the favorable 
end of the continuum. The number of times each statement 
is placed in each pile is determined, and a computation made 
to determine the average location of the statement by the 
judges. From this ealeulation, the scale value of the state- 
ment is determined. By starting with many more statements 
than need be retained for the final attitude scale, it is usually 
possible to pick from ten to fifteen statements that are spread 
over the entire attitude range. The statements so selected, 
together with their scale values as shown in Table 53, comprise 
the final material for the attitude scale. 

One might think that the attitudes or feelings of the judges 
who are used in the construction of the scale would have an 
effect on the scale values obtained. In other words, it might 
be felt that one set of scale values for a series of statements 
might be obtained if the judges were, in general, favorable 
toward the company, while a different set of values might be 
obtained if the judges in general were unfavorable or indiffer- 
ent toward the company. This possibility has been sub- 
jected to experimental test, and it has been found that the 
attitudes of the judges do not significantly affect the scale 
values obtained from them.!? This fact increases the 
possibilities of use for such scales in industry because it often 
happens that the persons who are most conveniently available 
for use as judges in constructing a scale may be more favorably 
disposed toward the company than certain groups of employ- 
ees with whom the scale is to be used after it is constructed. 

In the practical administration of an attitude scale, state- 
ments are printed on a sheet in random order, without the 
scale values appearing in Table 53. Each employee is given 
one of these sheets and is requested to check all statements 


RE.D. Hinckley, “The Influence of Individual Opinion on the Construction 
of an Attitude Scale,” Journal of Social Psychology, III (1932), pp. 283-296. 
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that he agrees with or believes to be true. The sheets are 
then turned in without being signed. The attitude of an 
employee toward the company is defined as the average 
scale value of the statements he has checked. For example, 
an employee checking statements one, three, and five of 
those shown in Table 53 would have an attitude of 


9.72 + 7.00 + 4.72 
STET ET or 7.15. 


On a scale of ten (ten being the most favorable end and zero 
the least favorable end) an attitude of 7.15 would be one 
somewhat toward the favorable end of the scale. ‘On the 
other hand, an employee checking statements seven, eight, 
and ten would have an attitude represented by 


3.18 + 2.77 + .80 
$18 + 2.77 +80 or 2.25 


This would be a much less favorable attitude toward the 
company than the one described above. 

The attitude scale reproduced in Table 53 is by no means 
the only set of statements that might be constructed to fulfill 
the requirements of a suitable scale. Uhrbrock,!? in a com- 
prehensive study of the attitudes of 3,934 factory workers, 96 
clerical workers, and 400 foremen, used a different scale, but 
one constructed as explained above to measure the general 
attitude of employees toward the company. Some typical 
statements, with their scale values from Uhrbrock’s scale, are 
reproduced in Table 54. 

The fact that scales such as those illustrated in the Tables 
53 and 54 may be used independently to measure the attitude 
of employees toward their company illustrates several points 
concerning the use of such scales. It will be noticed that the 
statements comprising the two scales are not the same, yet 
both scales measure essentially the same thing. Thus, the 


13 R, S. Uhrbrock, “Attitudes of 4430 Employees,” 


Journal of Soci 
chology, V (1934), pp. 365-377. of Social Psy- 
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use of such scales does not require including any specific 
statements which, from an industrial relations viewpoint, 
might seem undesirable. A scale can be “tailor made” for 
a given plant and deliberately kept free of statements that 
may seem to “pack dynamite” without sacrificing the validity 


TABLE 54 

STATEMENTS Usep IN UHRBROCK’S SCALE FOR MEASURING ATTITUDE OF 
EMPLOYEES Towarp THEI COMPANY 

Scale 

Statement Value 

I think this company treats its employees better than any other company 


10.4 
If I had to do it over again work for this compan: 9.5 
They don’t play favorites in this company............. 9.3 
A man can get ahead in this company if he tries 8.9 
I have as much confidence in the company physician as I do in my own 
doctor 8.7 
The company is sincere in wanting to know what its employees think 
bout TE am eiir a DM fede Videre s dias /2 e) etna a (e Mele ate N aterm 8.5 
A wage incentive plan offers a just reward for the faster worker. 7.9 
On the whole the company treats us about as well as we deserve 7.4 
I think a man should go to the hospital for even a scratch, as it may stop 
blood poisoning 6.3 
I believe accidents will happen no matter what you do about them 5.4 
The workers put as much over on the company as the company puts over 
on them.....- see cere erence tee teen eee etree eee eens 5.1 
The company does too much welfare work................ 4.4 
Soldiering on the job i8 Increasing: hisses anuo a ane Ves etse ss 4.1 
I do not think applicants for employment are treated courteously. 3.6 
I believe many good suggestions are killed by the bosses..... .. 3.2 
My boss gives all the breaks to his lodge and church friends........... 2.9 
I think the company goes outside to fill good jobs instead of promoting 
men who are here ...-- 2-0-0 ee Ihe 2.5 
You've got to have “pull” with certain people around here to get ahead 2.1 
In the long run this company will npu it OVI”: OL NOW ets stes eee este 1.5 
The pay in this company 1s tetriblo wie eee eo ma 1.0 
An honest man fails in this company. ....... ce eee rnt n eer alemeet 0.8 


of the scale. The use of different statements in scales measur- 
ing the same attitude also facilitates checking of results by a 
est in order to be sure of conclusions reached and to 
measure the effectiveness of systematic company efforts to 
improve employee morale. ; 

Attitude scales are not perfect instruments for the register- 
employee feelings, but they are considerably better than 


repeat t 


ing of 
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guessing Or relying on chance (and often biased) individual 
reports. 


General employee opinion surveys 


Attitude scales of the type described in the preceding 
section show the attitude of the employees toward the com- 
pany as a whole. If it is possible to ask the employees to 
indicate the department in which they work without revealing 
their identity, such scales also enable a management to com- 
pare employee attitude from one department to another. 
But such scales do not enable a management to identify 
specific factors that may be sources of employee unrest 
or dissatisfaction. This information can be obtained by 
means of another type of questionnaire, which asks a number 
of specific questions concerning plant practices. This type 
of questionnaire should also be used without reference to any 
employee’s name, and great care should be taken to insure 
the anonymous feature of the survey. An example of a 
questionnaire used in an employee survey of this type con- 
ducted by the Victor Adding Machine Company of Chicago 
js shown in Figure 133. The following steps were taken in 
conducting the survey employing this questionnaire: 

1. Questions to be included were ck 
phrased so as to permit convenient ied md a nes F 


on electric punched cards for sorting and tabulating 


_2. Supervision was informed of the project at special supervisory 


meetings. 
3. Employees were informed of the proj i 
project by supervisors. Th 
employees were told that th n ; PEs. ne’ 
pal t ey would receive the questionnaires 


he mail at their home addresses and 

x : 3 s that th 

would appreciate their cooperation in checking the Aeh a 
and returning them to the tabulating agency (not the l Ot 
the enclosed self-addressed stamped envelope. e plank) in 


4. Questionnaires were received, results were tabulated, and & 
report of findings was prepared for management j 9n 


In the case of the survey conducted for this company the 
procedure described above resulted in a 70 per cent return of 


A. * 
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QUESTIONNAIRE 
1. This questionnaire is being. answered by: Mon O Women D 
2. Are you Mored O Siege D 
3. Are you poid by the week or by the hour? Paid by the week C Paid by the hour O 
4. Do you feel you would rather be doing some other type of work? Ye C NoD 
If yes, have you discussed it with the Personnel Office? Ye D NoD 
5. How do you regard safety conditions within the plant generally? Good O Not so good O 
What is your opinion of your foreman or department head? 

6. Does he "know his stuff"? Ye D Ne D 
7., Does he play favorites? Ys O No 
8. Does ho keep you busy? Ye D No D 
9. Does he keep his promises? Ye O Ne D 
10. Does he poss the buck? Ye O No D 
11. Does he welcome suggestions? Ye D No D 
12. Is he o good teacher? Ye C) No [3 
13. Do the workers know more than he does? Ye O No O 
14, Does he set a good example? Ye O No D 
15. Do you think you are in need of more training? Yes O No [1 
16. Which of the following ways of pay would you prefer? Present way (] — Incentive or piece work Q} 

Do you feel you understand the following provisions of the Company Security Fund? 
17. Tho insurance provisions Ye O No Q 
18, How the Security Fund shares ore figured Ys O No O 
19. How VAMCO determines its contribution to the Fund eoch yeor Ys O Ne p 
20. How the Security Fund money is invested Ys O No Q 
21. How your Fund ‘occount is closed in event of termination, death or retirement Ye D No [2 
22, Do you feel thot you are receiving considerate treatment here? Ye D No O 

If not, why- 

23. Do yov feel top. management is interested in the employes? Yes O No D 
24. Hove you ever recommended Victor os a place to work to a friend? Ye D No 0D 
25. Would you like more news broadcasts given oor the PLA? Ye O No [) 
26. Are you interested in Company athletic cites? Yes C) No D 
lions to the Suggestion System? Ye O No D 


27. Are you moking suggest 


Do you feel you have a good future with this Company? Ye O "ND 
2 em you be interested in seling with Vicor’ pon wor Salos Division? Ye D] No D 
30. What is your reaction to being asked down to Personnel for occasional interviews? ax ti pou B 
i ? Ye O No D 
ink Victor he 4 done a good job for the country during the war 

eae bh ira ied f Information about the Company that you wont? Ye D Neo 

a o "à Y of working conditions here ox compared with other plants? 
Sy: Wietdeee P Above average O Average O Below overage O 


think your average weekly earnings (gross earnings before deductions) compare with that paid in other companys 
34, How do you jinl 


for the same type of ac — About the some O Lower here C) 


uestionnaire used in an employee survey conducted by the 
Fie. ig fan oie Co. (Courtesy of A. V. Larson, Asst. Personnel Director, 


ae Adding Machine Co., Chicago, Illinois 
Victo: 


tionnaires, à proportion far exceeding that obtained 

e em questionnaires sent out without previously 

with 7 that a questionnaire would be 
ifyi the employees 

notifymg 


receiv! ed. 
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A summary of the findings of the survey is not of particu- 
lar importance to anyone not associated with the particular 
company and, therefore, is not given here. It is sufficient 
to say that the company made significant use of the results in 
planning the future activities of the industrial relations 
department. 


The exit interview 


Another method of determining both general employee 
attitude toward the company and also feeling or opinion 
with regard to specific practices, departments, or supervisors, 
is provided by the exit interview. 

Onarheim," summarizing the values of the exit interview, 
points out that it helps to retain desirable employees and 
provides a check on policies covering employment, placement, 
training, wages, reasons for terminations in different depart- 
ments, and effectiveness of grievance procedure. Drake'® 
also stresses the value of the exit interview in identifying 
sources of employee dissatisfaction. 

An employee who is working for the company often is 
reluctant in expressing his true feelings. Also, many manage- 
ments feel that it would not be good industrial relations 
practice to encourage present employees to give verbal 
expression to their feelings. But the employee who has 
terminated his employment usually is quite willing to say 
what he thinks about the company, and management has 
little to lose (and often much to gain) by listening attentively 
to what he has tosay. This fact has resulted in an increasing 
use of the exit interview—an interview conducted with the 
employee leaving the company. While any single employee 
may have grievances for which there is no real basis in plant 
practices, yet if an appreciable number of employees terminat- 


1J, I. Onarheim, “Exit Interviews Help Us Check Personnel Policies," 
Factory Management and. Maintenance, CII (1944), pp. 121— 122. 

15 C. A. Drake, “The Exit Interview as a Tool of Management,” Personnel, 
XVIII (1942), pp. 346-350. 
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ing their employment mention the same situations or prac- 
tices as unsatisfactory, it is usually safe to conclude that 
there is a real reason for their discontent. Under such 
circumstances, it is also a reasonable assumption that employ- 
ees still on the job are not entirely satisfied with these practices 
or policies. Information obtained in a series of exit inter- 
views should not, of course, be automatically followed by 
changes in managerial policy whenever a source of grievance 
is revealed, but most managements now believe that such 
information should at least be considered when making 
future managerial decisions. 


Factors Affecting the Morale of Employees 


A morale survey, the exit interview, or any other barom- 
eter of employee feelings, is of little practical value unless it 
succeeds in identifying factors that affect employee morale 
and points the way toward changes that may be instituted by 
management to improve morale. A number of investigations 
of this type have been conducted and several determining 
factors have been isolated. Some of these can be easily 
changed by management; others are more difficult to modify. - 
In any event, a statement of certain factors that have been 
found related to employee morale will indicate problems faced 
by modern industrial relations departments. 


Job or rank of employees 

In Uhrbrock’s study!? it was found that foremen are more 
favorably disposed toward the company than are clerks, and 
clerks more favorably disposed than are factory workers. 
The distributions of attitude scores for the three groups are 
shown in Figure 134. This finding is in accord with what one 
might expect, and it may be considered as an added indication 
of the validity of the attitude-scale method of measurement.’ 
Many companies necessarily have some employees in jobs 


Lor UND p 
16 Uhrbrock, op. cit. 
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that lack status. The identification of such jobs and the 
means of improving morale of the employees assigned to 
them is one practical value of an attitude survey. Often a 
marked improvement of morale can be effected by a slight 
change in job status. Super!’ has found that the amount of 
change in status is of little importance in effecting an increase 
in job satisfaction, but the direction of change is of vital 


importance. Those departments having employees whose. 


morale would be helped by such measures can be readily 


30 — 40 50 [19 70 80 30 
UNFAVORABLE ATTITUDE SCORE FAVORABLE 


Fie. 134— Distribution of attitude toward the company 
of three groups of employees. 


identified by means of an anonymous attitude survey, 
provided only that the employees identify their department 
and job. 


Success of the employee 


The old maxim that “nothing succeeds like success” 
applies to employee morale. Those employees who are 
doing a job well and are made to feel that they are doing a 
job well have good morale. If they are failing, or made to 
feel that they are failing, morale suffers. For high morale 
to exist, the job does not have to be one of vital importance to 


7 D. E. Super, “Occupational Level and Job Satisfaction," Journal of 
Applied Psychology, XXIII (1939), pp. 547-564. 
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the plant. It can be quite an ordinary job and yet accomplish 
the desired result. In other words, it is not so much the job as 
how the employee feels about it and how the boss regards the 
employee that determines the latter's morale. Glen Gardi- 
ner? has given an excellent illustration of this principle: 


Riding on a freight elevator with the superintendent of the U. S. 
Gypsum Company on Staten Island, I was impressed by this inci- 
dent. As we stepped on the elevator the superintendent said, “I 
want to introduce you to Tony who has been running this elevator 
for more than eight years and has never had a single accident of any 
kind, which is a record we're proud of." 

The way Tony grinned and stuck out his hand made one realize 
that he appreciated the credit being given him and that he was 100 
per cent sold on the idea of running that elevator for many years to 
come without any accidents. 


Comprehensive statistical studies have been made which 
show that the morale of the successful employee is better than 
that of the employee who is struggling with his job. For 
example, Kolstad'? found that the morale scores of low-selling 
employees in a department store were significantly lower than 
the corresponding scores of the high-selling employees. 
Tt seems clear that employees should not be placed nor kept 
on jobs in which they are unable to achieve a reasonable 


degree of success. 


Supervision 

Everyone recognizes the fact that a man may work 
contentedly for one boss and complain bitterly when asked to 
work for another. Probably few things exert so unfavorable 
an effect on employee morale as the blustering, bully type of 
“straw boss.” The importance of the supervisor has been 
emphasized by the work of McMurry” and also by that of 


aces Gardiner, ‘Reaching the Individual Worker,” Address before the 


Second Annual Greater Philadelphia Safety Congress, May 27, 1935. 
ut" A. Kolstad, “Employee Attitudes in a Department Store," Journal of 
2d Psychology, XXII (1938), pp. 470-479. 
Apel paries “So You Handle People," Society for the Advancement of 


Management Journal, II (1937), pp. 168-172. 
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Hull and Kolstad.? In the past, management has too often 
selected the supervisor from the working group primarily 
because the man chosen was a good worker or a high producer. 
We now know that ability to produce well on that job is no 
guarantee whatever of ability to supervise other men on the 
job. The supervisor chosen because of his production record 
is as likely as not to be a failure in handling men; and we might 
add that he will almost certainly fail unless he is given specific 
training in how to handle men. Industry today recognizes 
this situation and is not only considering many factors 
besides production ability in promoting a man to a super- 
visory position, but also is training supervisors in the solution 
of problems unique to the supervisory job. Evidence shows 
that when supervisors and others in positions of authority are 
correctly trained, the guidance which they may give has a 
favorable effect on employee morale.?? 


Social factors in the working group 


The importance of group solidarity in the small groups of 
workers that almost automatically are formed in any plant 
has not been very well recognized by many managements. 
Yet the work of Mayo? and his associates clearly demonstrates 
the marked relation between feelings of “belonging” to the 
group and the general level of employee morale. In one 
study reported, of ‘‘mule spinners" in a textile mill, not only 
did increased production and reduced labor turnover result 
after steps were taken to transform a horde of ‘‘solitaries”’ to 
a group with a group-consciousness, but also the general 
social changes—even outside the plant—were in a direction 
indicating a higher level of general job and social satisfaction. 
Similar results were found in the Hawthorne study. In 
commenting upon the results of these studies Mayo writes: 


* R, L. Hull and A. Kolstad, “Morale on the Job," in G. Watson, Civilian 
Morale (Houghton Mifflin, 1942), pp. 349-364. 

?: J. F. Murphy, O. M. Hall, and G. L. Bergen, “Does Guidance Change 
Attitudes?" Occupations, XIV (1936), pp. 949-952. 

23 Mayo, op. cit. 


ATTITUDES AND MORALE 415 


“For all of us the feeling of security and certainty derives 
always from assured membership of a group. If this is lost, 
no monetary gain, no job guarantee, can be sufficient com- 
pensation. Where groups change ceaselessly as jobs and 
mechanical processes change, the individual inevitably experi- 
ences a sense of void, of emptiness, where his fathers knew the 
joy and comradeship and security."** Perhaps one of the 
reasons that rest periods during the working shifts are usually 
accompanied by improved job performance is that during 
rest periods the workers have an opportunity to form and 
solidify a group consciousness that cannot take shape while 
every operator is occupied at his machine. In the illustration 
of the “mule spinners” referred to, the introduction of four 
ten-minute rest periods during the day was the major change 
made by management. There was a general feeling by 
supervision that there would be no way to ‘‘make up” the 
lost forty minutes. Yet when the group consciousness had 
been formed, job performance improved and there was 
general agreement that the time was indeed not ‘‘lost”’ at all. 


Working conditions 

Employee morale is lowered by unfavorable working 
conditions. This situation is the more serious because often 
the employees who are affected are unaware of the true cause 
of their grouchiness and dissatisfaction. Collier? has pointed 
out a number of specific relationships found between reactions 
of employees and the physical working conditions of several 
jobs. He states that the feelings of uneasiness and unrest 
found among spray painters were removed by the installation 
of a new air exhaust. He also found that the presence of 
ylene chloride produces bad temper, irritability, and 
Needless to say, the employees so affected 
f the real cause of their mental discomfort 


meth 
sleeplessness. 
were unaware O 
2 


. cit., p. 76. 
24 Mayo, op. ct ous Mental Manifestations of Some Industrial Illnesses,” 


. Collier, 
E Psychology, XIII (1939), pp. 89-97. 
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and therefore probably tended to attribute their feelings to 
imaginary causes. Other effects reported by Collier were that 
mercury produces irritability, anxiety, depression, and sleep- 
lessness, while manganese produces languor, lethargy, muscu- 
lar cramps, and abnormalities of gait. 

These findings indicate that the physical surroundings of 
a job may result in a general lowering of employee morale in 
a way which is not revealed by ordinary questioning of the 
men. The conclusion we may draw is that when an unfavor- 
able morale condition is found to exist, it is wise to examine 
carefully the physical surroundings to determine whether 
some unnatural condition may be at fault. 

Some evidence indicates that a deliberate effort to create 
favorable working conditions (as opposed to the elimination 
of definitely unfavorable surroundings) will be followed by an 
improvement of morale. For example, Tindall** reports that 
the presence of music on the job speeds up production, 
improves morale, pacifies labor unrest, creates good will, 
lessens labor turnover, and reduces errors. Kerr? has 
reported a series of studies showing that under certain condi- 
tions musie has a favorable effect upon the attitude of 
employees toward their job. He also reports that LP T. 
when other factors are equal, workers will go to the job 
locations where they can hear music while they work.” 
While the several favorable effects found in these studies 
suggest the desirability of keeping the working conditions as 
pleasant as the nature of the work will permit, we should 
hardly conclude that the use of music is either possible or 
desirable in all instances. Nor should we assume that the 
use of music will automatically improve the production or 


2 G, M. Tindall, “Rhythm for the Restless," Personnel Journal, XVI 
(1937), pp. 120-124. 

21 W, A. Kerr, “Psychological Effects of Music as Reported by 162 Defense 
Trainees,” Psychological Record, V (1942), pp. 205-212. 

28 W, A. Kerr, “Where They Like to Work: Work Place Preference of 228 
Electrical Workers in Terms of Music,” Journal of Applied Psychology, XXVII 
(1943), pp. 438-442. 
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quality of work. As Kirkpatrick?’ points out “no highly 
significant or conclusive research has been published con- 
cerning the effect of music on output or health of workers in 
industry." And, in many cases (for example in a steel mill) 
music would be out of the question, because the general noise 
level is so great that no one could hear it. 


Salary reviews and praise 

A fact not realized by many hopeful college graduates is 
that it is entirely possible for an employee to become lost and 
buried in a large industrial plant, even while he is doing his 
job well. Indeed, the very fact that he is doing a routine job 
well may prevent him from being brought to the attention of 
anyone who has the authority to promote or demote him. 
Obviously, the permanent or semi-permanent location of an 
employee on a job from which he hoped to advance is not 
conducive to high morale. Many industries are solving this 
problem by a scheme for systematically reviewing, at stated 
intervals, the job and earnings of every employee. Such a 
scheme does a great deal to prevent a capable employee from 
being '*lost in the mill." The advisability of such a scheme 
has been stressed by Shepard?" in his emphasis of the fact that 
workers are happier as well as more valuable if they are 
praised and given regular salary reviews. 

The matter of praise, also, is sometimes given too little 
consideration by management and supervision. If we are 
willing, temporarily, to oversimplify a very complex problem, 
we might say that there are in general two ways of motivating 

eople: to praise (or reward) for doing the desired thing, and 
P „prove (or punish) for doing the wrong thing. Much 
ka um and considerable experimentation have been con- 
ne d on this problem in an effort to determine which of 
aon masthod of motivation achieves the best results. 


soe H Kirkpatrick, ‘Music in Industry," Journal of Applied Psychology, 
29 F, H. 


68-274. 
xxvm PONE. * Recognition on the Job," Personnel Journal, XVI (1937), 
3 J. L. ?, 


pp. 111-119. 
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Unfortunately, a general conclusion that is universally appli- 
cable in all situations has not been reached; but the preponder- 
ance of evidence clearly favors the praise over the reproof 

-method. This was the conclusion reached by Hurlock’! in 
her studies of learning in school children, and there seems to be 
every reason for expecting the results to apply in a general 
way to the behavior of industrial employees. One should not 
infer from Hurlock's study that praise is always superior to 
reproof or that reproof should never be used. Her investi- 
gations, indeed, show that reproof for failure accomplishes 
better results than no comment at all; and in practical situa- 
tions, it seems obvious that situations arise which clearly call 
for some kind of reproof. The general principle that we 
emphasize here is that praise and rewards are in many (if not 
most) cases more potent than reproof as a motivating factor 
and will almost always have a better effect on employee morale. 
Supervisors will do well not only to know this, but to use it in 
their day-by-day operations with their men. 


Wage payment methods 


Entirely aside from the amount of money earned by an 
employee, the method by which his wage is computed may be a 
source of employee complaint. Wage incentive plans are 
ordinarily installed for the purpose of motivating the worker 
to reach a reasonable output and at the same time of reward- 
ing the employees who reach such an output in proportion to 
the actual amount of work done. A discussion of the various 
wage incentive plans in use by modern industry does not fall 
within the scope of this volume; but it should be said here that 
such plans are often somewhat complicated in operation and 
are therefore not always understood completely by the 
employees who are affected by them. An employee wants to 
know how to figure his own check. If no one has explained 
the wage payment plan to him, or if it has been explained but 


31E, B. Hurlock, “An Evaluation of Certain Incentives Used in School 
Work,” Journal of Educational Psychology, XVI (1925), pp. 145-159. 
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he has not understood the explanation, he is very likely to be 
suspicious of the whole system. An employee who figures 
that the company owes him $48.60 but who receives a check 
for only $48.50 is disgruntled out of all proportion to his 


` imagined loss of ten cents. When management installs a 


wage incentive plan, the job is only half done; there remains 
the job of explaining the plan to the employees who are to 
work under it, of being sure that they understand it, and of 
selling it to them. Modern management no longer tells its 
employees, ‘‘This is the way we are going to do it, and you 
can like it or quit." Management today realizes that it is 
good business to help every employee to feel that he is part of 
the business. Such a feeling cannot be developed if an 
employee cannot even compute his own pay check. 

The same precautions should be observed when hourly 
rates are paid under a job evaluation system and wage struc- 
ture. Job evaluations (see page 374) are based upon a job 
analysis of the various jobs so that equal skill, training, and 
effort on the different jobs will be paid equally well. Such 
job analyses always involve some subjective element in rating 
the different jobs; and it is a rare case. where the first installa- 
tion of a job evaluation system is not found to contain a few 
jobs that are “out of line," that is, are set too high or toolow 
in comparison with other jobs. Itis very important to keep a 
constant lookout for such cases and to correct them at the 
first opportunity. Both in factory work and office work, jobs 
that are ‘‘out of line” in rate or salary are a significant source 


of employee unrest.?? 


Other factors affecting morale 

Several other studies have identified still additional factors 
yhich, at least in certain eases, have an effect on employee 
M ? 
rgen, C. E. Haines, L. G. Giberson, F. L. Hallock, and C. S. Coler, 
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morale. In Uhrbrock's investigation it was found that the 
attitude toward the company of the male employees was 
significantly less favorable than that of the female employees. 
Apparently some factor, or combination of factors, which had 
been unnoticed by management was operating in this partic- 
ular company to give the women a better feeling toward the 
company. The forces at work may have been seemingly 
trivial to management, but factors that seem trivial to manage- 
ment often seem quite important to employees. In fact, as 
Schultz** has pointed out, employee attitudes are often 
affected more by little things than by broad management 
policies. 

It should be mentioned also that employee attitudes are 
often made up of a combination of attitudes toward different 
aspects of the total situation. Employees may be favorable 
toward some, and unfavorable toward other, aspects of their 
jobs. Geiger, Remmers, and Greenly** found that little 
relationship exists between the attitude of apprentices toward 
their job proper, fellow employees, foremen, opportunity for 
promotion, related instruction, and management. This study 
includes the development of a diagnostic scale which indicates 
how differential attitude toward different aspects of the job 
may be measured. 

It is not intended to imply that the factors listed above are 
all of the factors that may affect employee morale. The list 
is only illustrative of factors that have been found operating 
in certain plants and that may give cues to the alert plant 
superintendent in analyzing his own particular situation. 
Although we may confidently expect that future develop- 
ments in applied psychology will make this problem easier to 
cope with than it is today, sufficient evidence already exists to 
show that the judicious use of attitude scales and of techniques 


55 R. S. Schultz, “Psychology in Industry," Personnel Journal, XVI (1937), 
pp. 221-223. 

^* H. E. Geiger, H. H. Remmers, and R. J. Greenly, “ Apprentices’ Attitudes 
Toward Their Training and the Construction of a Diagnostic Scale,” Journal of 
Applied Psychology, XXII (1938), pp. 32-41. 
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now available will aid in the solution of many industrial 
relations problems. Departments in which unsatisfactory 
relations exist between employees and their supervisor can be 
located. Company policies that are not satisfactory to 
employees can be identified. Employee reaction to such 
topics as method of wage payment, insurance programs, and 
plans for promotion and transfer can be determined. The 
employee attitude survey and the exit interview are of real 
value in the solution of such problems and have become a 
powerful tool of management in the prevention of industrial 
relations disputes. 


Appendices 


Appendix A 
Elementary Statistical Procedures 


WHEN many measurements, such as scores or other data, are to 
be summarized or interpreted, the use of some form of statistical 
procedure is usually desirable. If a considerable amount of raw 
data is involved, a simple listing of the data is of little value. 
Such a listing will not tell us, for example, how the data are distrib- 
uted, how much they vary, or where in the total distribution they 
tend to cluster. Further, such a listing is of little value in indicating 
how the data compare with, or are related to, other sets of data 
collected under other circumstances. Before a meaningful inter- 
pretation of the data can be made it is necessary to reduce them to a 
chart or to one or two single numbers which may represent the data as a 


whole. 
Graphic Representation of Data 


The frequency distribution and polygon 


A frequency polygon, constructed from a frequency distribution, 
is a graphic representation of a set of data. The construction and 
interpretation of a frequency polygon may best be explained by an 
example. Suppose 60 employees on an inspection job have detected 
the following number of flaws of a certain type during one week of 

vork: 
io TABLE 55 
NUMBER OF FraAws DETECTED BY p E Inspectors Durtna ONE WEEK 
37 32 13 35 20 33 36 33 16 38 19 33 34 24 
15 36 50 27 39 42 31 21 26 28 53 23 51 21 26 39 28 
98 32 30 29 49 39 30 44 31 37 35 38 35 41 37 43 


n k 15 22 46 41 47 48 34 


From a gross, or even à detailed, inspection of these 60 values 

P t answer such questions as: What is the typical number of 

one aE E by an average inspector in a week? How much 

defects Sp is there between the best and poorest inspectors in spot- 

difference a material? Is there any preponderance of good, 
ting defec 485 
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poor, or average ability represented in the performance of these 
inspectors? 

Such questions as these may be answered at a glance if the data 
are grouped and presented in a chart. One variety of such a chart 
is a frequency polygon. The steps involved in constructing a 
frequency polygon are as follows: 

1. Determine the range of the values in the raw data. Quickly 
glance through the data to determine the highest and the lowest 
values. The range is the difference between these values. In the 
case of the 60 inspector records, the highest figure is 53 and the 
lowest is 13. The range is therefore 53 — 13 = 40. 

2. If we find that the range of the data is large (that they are 
widely spread), it will be more convenient to group them by inter- 
vals (class intervals, abbreviated c.i) with a range in each c.i. of 
more than one unit. The c.i. is a group of adjacent scores of such à 
size that from 12 to 18 c.i.’s cover the range of the whole distribu- 
tion or all of the data. With a range of 40, a c.i. of 2 would require 

- 20 groups; a c.i. of 3, 14 groups; and a c.i. of 4, 10 groups. In our 
illustrative problem, a c.i. of 3 is therefore the proper size to use. 

A simple rule of thumb which is helpful in deciding upon the 
correct size of the c.i. is to divide the range by 15 (15 because, on the 
average, this is the most desirable number of ci/s) and take as 
the c.i. the whole number nearest to the quotient. In our problem, 
the range divided by 15 would be 40 + 15 = 2.66. As3isthe whole 
number nearest to 2.66, 3 would be the size of the ci. to be used. 

3. Arrange the adjacent c.i.'s in a column, leaving a blank space 
immediately to the right of this column. The arrangements of the 
ci./s preparatory to the construction of a frequency distribution 
appears as follows. 

TABLE 56 
CLASS Inrervats TO BE USED ron ILLUSTRATIVE Data IN TABLE 55 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32 
27-29 
24-26 
21-23 
18-20 


15-17 
12-14 
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4, Place a tally mark for each value in the original list of raw 
data opposite the appropriate class interval. As the first value 
among the 60 listed in Table 55 is 15, the first tally mark should be 
jn the 15-17 ci. The second value, 36, is represented by a tally 
mark in the 36-38 ci. Usually it is advisable to tally the fifth 
entry in each c.i. with a line across the preceding four tally marks. 
This simplifies the counting of tally marks at a later time. When 
been made, that is, all data tabulated, the frequency 
appears as in Table 57. 

5, Lay off appropriate units on squared (cross section or graph) 
per so that a graph may be constructed on which the midpoints of 


pa 
TABLE 57 
NTERVALS, Tatty Marks, AND Frequenciss (f.) FOR ILLUSTRATIVE 
Crass I : DATA iw Taste 55 


Tally Marks — Frequency G) 


// 2 
// 2 
Ifl 3 
JIL 4 
t 6 
4 III 9 
4t M 9 
Lm d 7 
m 5 
IIT 4 
Ill 4 
// 2 
// 2 
/ al 

Total = 60 


; on the base line and the frequencies or number 
.s are e on the vertical axis. When this is done, the 
of es in ee ut own in Figure 135 is obtained. 
e familiar with the concept of a frequency polygon, the 
) n tration in Figure 135 is a much more meaningful repre- 
graphe ill H the data than the list of values shown in Table 55, or 
sentation i distribution shown in Table 57. The frequency 
ite fred us apparen at a glance that the typieal or average 
He ound 35 defects during a week of work, that the 
vary from some who detected only 13 defects to 
erato $ E tected 53, and that a majority of the, operators are 
oF ers E e T & in ability (that is, that not so many are very 
ot r the ? s are near the average). In summarizing psy- 
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chological data it is a definite advantage to be able to present all of 
the major facts in a single graphic presentation of this type. 

In a frequency polygon such as the one shown in Figure 135, the 
area between the curve and the base lineis determined by the number 


^ o o 


NUMBER OF INSPECTORS 
m" 


10 13 16 I9 22 25 28 3| 34 37 40 43 46 49 52 55 

NUMBER OF FLAWS DETECTED — MIDPOINTS OF C.I'S 

Fie. 135—Frequency polygon of illustrative data in Table 
57. 


of cases (called N) which the graph represents. Thus, a curve 
portraying 120 cases would cover twice the area of the curve shown 
(if the ci's are the same for both distributions), and a curve 


15j 


PER CENT OF INSPECTORS 


10 13 16 19 22 25 28 3| 34 37 40 43 46 49 52 55 
NUMBER OF FLAWS DETECTED MIDPOINTS OF C.I'S 


Fie. 136—Frequency polygon with ordinates as percent- 
ages for illustrative data in Table 58. 


portraying 600 cases would cover ten times this area. This is no 
disadvantage in many cases, but situations sometimes arise in which 
it is desirable to keep the total area under the curve the same, 
regardless of N or the number of cases. To meet this situation we 
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may plot the percentage of cases rather than the mumber of cases 
falling in each c.i. This may be accomplished by dividing each f 
value in Table 57 by the total number of cases in the distribution. 
Each quotient thus obtained indicates the percentage of cases Fom. 
the total falling in the respective c.i. These computations are 
indicated in Table 58. 

If the percentages shown in the last column of Table 58 are now 
plotted as the ordinates (vertical axis points) of a frequency polygon. 
the chart shown in Figure 136 is obtained. ? 

When a frequency polygon is to be compared with a number of 
other polygons, and when the important facts to be compared deal 
with the central tendencies and general form of the distributions 
rather than with the different, number of cases plotted in each, the 


TABLE 58 


FREQUENCY AND PERCENTAGE OF Cases 1N Eacu C.I. ror ILLUSTRATIVE DATA 
IN TABLE 55 
Calculation 
Class Intervals f of Percentage Percentage 

51-53 2 .033 3 
48-50 2 .033 3 
45-47 3 -050 5 
42-44 4 -066 7 
39-41 6 .100 10 
36-38 9 .150 15 
33-35 9 -150 15 
30-32 7 117 12 
27-29 5 .083 8 
24-26 4 .066 "i 
21-23 4 .066 7 
18-20 2 .033 3 
15-17 2 .033 3 
12-14 A .017 2 

Total = 60 100 


e method" of plotting a frequency distribution is pre- 
ferred to the *total-number-of-eases method.” — 
i eral define & frequency polygon, in the light of the above 
description, as a curve which portrays data graphically and which is so 
xay the base line represents the varying values of the original data 
bs an ordinates represent ihe number of cases (or percentage of cases) 
a 


at each of the raw data values. 


The normal distribution | 

Vg uiene of the frequency P olygons shown in Figures 135 and 

is typical of the kind of distribution usually found when data 

sta E L m a group, of people are plotted. It will be noted that 

cres ae BPP roximately “bell-shaped,” that is, they are high 
the curves 


“percentag 


490 — APPENDIX A 


in the center and taper off toward the base line at both ends. If we 
were to divide the area under such a curve by drawing a perpendic- 
ular line from the central high point to the base line, the two parts 
would be approximately equal in area and would be bilaterally 
symmetrical in shape. It is well recognized that all, or nearly all, 
measurements of human traits and abilities result in distributions of 
approximately this form. Such distributions are called normal 
distributions. A strictly normal distribution eonforms to a sym- 
metrical bell-shaped curve that is defined by a mathematical equa- 
tion, the derivation of which is beyond the scope of the present 
diseussion.! It will suffice for the beginning student to know that: 

1. A normal distribution is bell-shaped, that is, it is high in the 


center and low at both ends. Its two halves are symmetrical. 
2. Measurements obtained 


Írom a group of persons usually 
approximate this type of distribution, 


Measures of Central Tendency 

While the frequency Polygon is helpful in giving an immediate 
graphic description of a set of data, 

it is often desirable 


The arithmetic mean 


The arithmetic mean, sometime; 
defined as the sum of the measures divided by the number of 
measures. Or it may be thought of as a point of balance which 
could be found if all values in the distribution were assigned the 
same weight and then arranged along a horizontal beam. The 
physicist might define it as that Point in the distribution around 
which the moments are equal, 


In the case of the 60 values Previously discussed from which a 


! The interested student is referred to C. 
Statistical Procedures and Their Math 
1941), pp. 270-286. 

* H. E. Garrett, Statistics in P. chology and Educati ngmans, 
Green and Company, 1947). M: pie On EEE 


C. Peters and W. R. Van Voorhis, 
ematical Bases (McGraw-Hill, New York, 


i. 


| 
E 


$ 
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frequency polygon was constructed, the mean is obtained by finding 
the total of the 60 measures and dividing this total by 60, thus: 


f 
Arithmetic Mean (4.M.) = Bum of measures = a = 33.6 


This is the procedure followed in computing the exact value of 
the arithmetic mean of any set of values. In practice a shorter 
method of computation utilizing the data as tabulated in a frequency 
distribution and yielding an approximation (rather than the exact 
value) of the mean is often used. This shorter method assumes 
that each score as tabulated in a frequency distribution has the same 
value as the midpoint of the c.i. in which it falls. For further 
convenience in calculation, the mean is first computed in c.i. units 
from an arbitrary base selected near the center of the distribution 
at the midpoint of one of the c.i.’s. The base selected is entirely 
arbitrary—it may be taken as any point in the distribution. We 
have chosen one near the center of the distribution to simplify 
computation. 

Tf this method is applied to the frequency distribution in Table 
57 the arrangement shown in Table 59 is obtained. 

In the above tabulation the d column represents the number of 
ci. units each c.i. is located above or below the c.i. arbitrarily 
chosen as the base for calculations. In the c.i. 51-53 there are 2 
This c.i. is 6 c.i. units above the arbitrary base. Thus, 


Scores. 
TABLE 59 
COMPUTATION OF THE ARITHMETIC MEAN FROM A Frequency DISTRIBUTION 
ci. f. d fa. 
51-532 6 T 
48-50 2 5 0 Formula for Computing A.M. 
SN 3 2 AM. = M° + 04. 
39-41 6 2 2 M° = assumed mean 
36-38 9 : 0 c.i. — size of c.i. 
33-35 9 m B c fd _ summation of de- 
30-32 7 E —10 N ^ viations from as- 
27-29 5 3 —12 sumed mean divided by 
24-20 4 E —16 N 
21-23 4 5 —10 -7 
m 2 75 “10 AM.-3 3 =) 
15-17 1 “7 =7 294 — 85 = 38:65 
nae d iem 


* :ne the A.M. in c.i. units from the arbitrary base, these 
in ooa Pa E Im each have a value of 6, resulting in the number 12. 
two sco) 


492 APPENDIX A 


which appears in the fourth, or fd, column. In like manner, there 
are 2 scores in the c.i. 48-50, and these two scores are each 5 c.i. 
units above the arbitrary base, resulting in the number 10 which 
appears in the fd column. All scores tabulated in c.i.'s below the 
arbitrary base are represented by negative values in the fd column. 
The algebraie sum of this column (Zfd) divided by the number of 
cases indicates how far the computed mean will deviate from the 
assumed mean (base) in terms of c.i. units. From the tabulation, 
this deviation in c.i. units from the arbitrary base (assumed mean) 
is defined as: 


zfd 


Deviation in c.i. units from base — N 


Carrying through this computation for the data under considera- 
tion shows that: 


Deviation in c.i its fi bz .XÀXd —7. 117 
eviation in c.i. units from base = > = Gp 


This is interpreted to mean that the A.M. is .117 of a class interval 
below the midpoint of the arbitrary base (see formula in illustrative 
problem). In order to transmute this deviation (—.117) into raw 
score units we would multiply it by 3 (the size of the class interval). 
Thus, in terms of raw score units, the deviation is —.35. The mean, 
as computed by this method, is therefore .35 raw score-units below 
the midpoint of the 33-35 c.i. As the midpoint of this is 34, the 
mean is 34 — .35 = 33.65. This approximation does not agree 
exactly with the exact method in which all raw data are added and 
the sum is divided by the number of cases; but the approximation is 
sufficiently close to justify its use in many cases. The student may 
note, however, that essentially the same procedures are used in both 
solutions. The procedure in using the “exact method" may be 
thought of as involving the computation of a mean by assuming the 
meah to be zero, computing the deviations from zero in raw score 
units, and dividing their sum by N as in the short method. 


The median 


The median is a measure of central tendency defined as that 
score (or value) which exceeds, and is exceeded by, half the meas- 
ures, that is, it is that point in the distribution above and below 
which 50 per cent of the values lie. A logical (though laborious) 
method to determine the median consists in arranging all the raw 
data in rank order from lowest to highest and counting off the 
bottom half of the measures. "The value at this point is the median. 
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If this method is followed for the data in Table 55, the following 
arrangement of the scores is obtained. 


E TABLE 60 
ARRANGEMENT OF DATA FOR THE COMPUTATION OF THE MEDIAN DIRECTLY 
FROM Raw Data 
53 45 41 38 36 34 32 29 26 21 
51 44 40 38 36 34 31 29 25 20 
49 43 39 37 35 33 31 28 24 19 
48 42 39 37 35 33 30 28 23 16 
47 42 39 37 35 33 30 27 22 15 
46 41 38 36 34 32 30 26 21 13 


Counting from the lowest score up, we find that the 30th from 
i the low end is 34, and the 31st from the low end is also 34. The 
median score would therefore be 34. If there had been a difference 
between the 30th and 31st scores, the median would be the value 
halfway between these scores. If an odd number of cases were 
1 included in the original set of scores (as 61 instead of 60) the median 
E would be the value of the middle score. 
f In practice, the median as well as the mean may be conveniently 
approximated from a tabulated frequency distribution. To 
illustrate this process we may use the same frequency distribution 


previously discussed. 


TABLE 61 
COMPUTATION OF THE MEDIAN FROM A FREQUENCY DISTRIBUTION 
Class Intervals f Cumulative f Formula for Median 
| 
51 63 2 0 @ 3 r) 
48-10 2 58 _ 2 
3;3 45-47 3 56 Md. =1+ ci. T 
2h 42-44 4 oe l = lower limit of c.i. within which 
Jj 39-41 6 9 median lies. 
36-38 - ? A c.i. = class interval 
p 7 5 X = Jof the scores 
27-29 2 13 F = no. of scores in all c.i.'s below 1 
24-26 4 9 fm = no. of scores in c.i. in which me- 
[3^ 2 5 dian falls. 
18- 60 — 95 
18-17 H l Md. = 325 +3 — 
12-14 E. ee = 
Total 50 = 32.5 + 1.7 = 34.2 


. : t 60 cases are included in the distribution, it is 
MW Hane a the score which separates the lower 30 from the 
necesse a "iR value of this score is the median. Counting up 
upper 39. : t of the distribution, we first fill the column 
4 Jower par 

from the 


——— €" 
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cumulative f, which indicates for each c.i. the number of cases in 
and below that c.i. 

It will be noted that 25 cases are included in or below the 30-32 
c.i., and that 34 cases are included in or below the 33-35 c.i. The 
median, or point midway between the 30th and 31st case, must 
therefore be within the 33-35 c.i. Now if we assume that the 9 cases 
in the 33-35 c.i. are distributed evenly throughout this interval, we 
must go up into this c.i. far enough to cover the lowest 5 of these 9 


cases in order to reach the median. This may be illustrated graph- 
ically as follows: 


Cases in this c.i. 


© 


35 


QINI œI! 


ETT Median 
c.i. 33-35( 34 


fer wmlolei al 


It will be noted that the “real limits” i 
1 ; of the 33-3 À. are 
considered 32.5 and 35.5, that is that the c.i. extends idis 
unit above and one-half a score unit below the tabulated values. 
Bus is umen pene otherwise there would be a whole unit 
etween each pair j i i i 
T. pair of adjacent ci/s that does not logically fall in 


In this case, the median w 
to the lower limit of the ci., o i 
1 4, or M =$ 
This value, 34.2, differs slightly a Ota 
ing the scores in rank order, b 'oximation i i y 
eve to justify its use in mos p d eur es 
for example, the nered in defining other points in the distribution, 
which 25 per cent of Percentile—the point in the distribution below 
of the scores lie and above which 75 per cent lie. 


I 
! 
| 
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The mode 


A third measure of central tendency is the mode, which is defined 
as the measure appearing most frequently. This ‘value as well "n 
the mean and the median, may be determined He from te 
raw data (if one value appears more often then any other) or may be 
approximated from a frequency distribution of the data. i 

In computing the mode directly from the raw data, the values 
are inspected io determine which one appears most Frequenti 7. 
Sometimes, as in the case of the values shown in Table 55, several u 
the measures appear an equal number of times. In this case, the 
figures 30, 33, 34, 35, 36, 37, 38, 39 each appear three times Tt i 
incorrect, therefore, to say that any one of these is the iode: 
Furthermore, there is reason to believe that if a larger sample than 
60 inspectors had been included in the distribution, and if the c.i 
used in forming the distribution were smaller than 3, the frequency 
polygon obtained would be more even in curvature and only one 
single high point would be found. Under such circumstances, this 
high point would be the mode. An approximation of this valie 
may be obtained from a frequency distribution by means of the 
following empirical formula: 


Mode = 3 Median — 2 Mean 


e data we have been discussing, this formula 


In the case of th 
lue for the mode: 


gives the following va! 
Mode = 3(34.2) — 2(33.65) = 35.30. 


When to use the mean, median, and mode 
Why is it necessary to have three different measures to indicate 
the central tendency of a set of data? The answer is that each is 
best adapted to certain uses, that is, in some cases one may be most 
representative of a set of data, while in other cases, another measure 
may be most suitable. The mean is ordinarily used if the distribu- 
tion is approximately normal. (If the distribution is perfectly 
normal, the three measures of central tendency have the same 
value.) If, on the other hand, there is a preponderance of extreme 
cases at either end of the distribution, the mean may give an incot- 
rect impression of the central tendency of the data. tada these 
the median or mode is more suitable. Consider, 


circumstances, E 
for example, the following yearly incomes of five persons: 
$800 $900 $850 $750 $5000 


496 APPENDIX A 


'The mean for these five incomes is 


$800 + $900 + = + $750 + $5000 = $1660. 


This figure, though an accurate statement of the mean, is not 
typical of the group as a whole because it is so markedly affected by 
the one income of $5000 which is considerably larger than the other 
four. The median income is $850, and this value is more typical 
for the group as a whole than is the mean income of $1660. Ifa 
great deal of data were available for computation, it would also be 
enlightening to know the mode, or most common income. Certain 
other principles also help determine which measure of central 
tendency is most appropriate in any specific case. We may 
generalize the above illustration by saying that if a distribution is 
very much skewed (that is, contains more cases at one extreme than 
at the other), the median or mode is more likely to give a representa- 
tive picture of the typical score than is the mean. 


Measures of Variability 


In addition to a measure or value to represent the central tend- 
ency of a set of data, there is also quite frequently a need for some 
measure of the spread, or variability, of the data. The need for a 
measurement of this type may be seen by comparing the data shown 
in Table 55 and tabulated in Table 59 (the mean of which, computed 
from the frequency distribution, was found to be 33.65) with another 
set of data which, for purposes of illustration, we might assume to 
consist of 21 scores of 33, and 39 Scores of 34, making 60 scores in all. 
The mean of 60 such scores may readily be found to be 33.65. 


(21) (83) + (39) (34 
si LL = 33.65. 


While both distributions have the same mean, they differ markedly 
in variability or spread. The fo 


scores varying from 13 to 53, w 
scores of 33 and 34. A quantita 


a are the M ration 
and the Standard Deviation. SRS MEDIE 


"v 
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The mean or average deviation 

This measure of variability is defined as the average deviation 
of the scores from the central tendency, usually the arithmetic mean, 
but sometimes the median or mode. If the arithmetic mean is used 
as the central point from which the mean deviation is computed, the 
computation involved for the 60 scores tabulated in Table 59 would 
be as follows: 

In Table 62 columns 1-4 are identical with the corresponding 
columns in Table 59. Column 5 gives for each c.i. the deviation 


TABLE 62 
COMPUTATION OF THE AVERAGE Deviation (A.D.) FRoM A FREQUENCY 
DISTRIBUTION 
D* 
Raw Score Deviation 
ci. f d fd from Mean JD 
51-53 2 6 12 18.35 36.70 
48-50 2 5 10 15.35 30.70 
45-37 3 4 12 12.35 37.05 
42-44 4 3 12 9.35 37.40 
39-41 6 2 12 6.35 38.10 
36-38 9 1 9 3.35 30.15 
33-35 9 “e 10k 0 .35 3.15 
30-32 T —1 -7 2.65 18.55 
27-29 5 —2 —10 5.65 28.25 
24-26 4 -3 —12 8.65 34.60 
21-23 4 —4 —16 11.65 46.60 
18-20 3 -5 —10 14.65 43.95 
15-17 2 —6 -12 17.65 35.30 
12-14 1 =7 = 20.65 20.65 
zjd= -7 441.15 
Mean = 34 — (45)3 = 33.65 
Mean dev. = we = 7.35 


* Note that all deviations, whether above or below the mean, are taken as positive. 


between the midpoint of the interval and the arithmetic mean of the 
distribution. For the c.i. 51-53 this deviation is 52-33.65 — 18.35, 
which appears as the first value in the fifth. column. Since there 
were two scores in this c.i., and since each deviates by 18.35 from the 
mean of the distribution, the fD column contains 2(18.35) = 36.70 
as the first entry- In like manner, the amounts of deviation of all 
es in the remaining c.i.’s have been computed and entered in the 

< SCOT lumn. The sum of this column is the total of the deviations 
PeO E ee res, and this total divided by 60 gives the Mean Devia- 


ll 60 sco ind tl 
a of the distribution. 
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Had the 60 seores been bunched around the mean to a greater 
extent, the Mean Deviation would necessarily have been smaller. 
If, for example, all 60 scores had been exactly at the mean, the 
deviation between the mean and each of the scores would have been 
zero, the sum of the 60 deviations would be zero, and the Mean 
Deviation would be zero. In the illustrative case previously 
referred to consisting of 60 scores made up of 21 scores at 33 and 39 
scores at; 34, the mean deviation, though not zero, would be very 
small. In this case, the Mean Deviation may be computed in the 
following fashion: the 21 scores at 33 contribute 21(.65) — 13.65 
units of deviation, while the 39 scores at 34 contribute 39(.35) — 
13.65 units. The sum of these values divided by 60 gives the mean 
deviation. . 

bel 13.65 + 13.65 — 27.3 
Mean Deviation — aa . mpg t 46 

This figure, .46, indicates quantitatively the variability in this set of 
60 scores. When compared with a set of data such as shown in 
Table 62, the mean deviation of which was found to be 7.35, the 
difference in spread is seen to be reflected in the size of the mean 
deviation figures. In interpreting the mean deviation, it will be 
helpful to think of it as defining two points on either side of the mean 
which enclose a large proportion of the scores (values). In a 
normal distribution, the mean deviation, when measured off on 
the scale above and below the mean, will mark the limits of the 
middle 57 per cent of the scores. 


The Standard Deviation 


The Standard Deviation is the most widely used measure of 
variability. It is defined as the square root of the mean square 
deviation. Defined by formula: 


Standard Deviation = S.D. =¢ = zat 


where 2D? is read “the sum of the squared deviations of the 
Scores from their mean" and N is the number of cases. S.D. 
and ¢ are abbreviations for the Standard Deviation. They are 
used interchangeably. 


Although the Standard Deviation may be computed directly 


* 2 
Írom a set of raw data by means of the formula S.D. — zb. ’ 


& . H N 
this process is laborious. For example, in the case of the set of data 


we have been using for illustrative purposes (tabulated in Table 55), 


4 


| 
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we would proceed by determining the difference between each raw 
score and the mean of the 60 scores, squaring these differences, 
summing the 60 squared differences, dividing by 60, and extracting 
the square root of the quotient. The first score tabulated is 15. 
The difference between this value and the mean of the 60 scores (as 


TABLE 63 
COMPUTATION OF THE STANDARD DEVIATION FROM A Frequency DisTRIBUTION? 
eu pu fa jd: 
51-53 2 6 12 72 : 
48-50 2 5 10 50 x 
45-47 3 4 12 48 Mean = M? + c.i. ( zi) 
42-44 4 3 12 36 a 
39-41 6 2 12 24 Mean — 34 4-3 (xD) = 33.65 
36-38 9 1 9 9 
33-35 9 0 0 0 gp.= AD — NEL J (ze) 
30-32 7 —1 E y E EY N 
27-29 5 —2 —10 2 2345 — (117)? 
21-90 4 —3 -12 6 = 34/8950 — .014 
epee mes dae 
18-20 2 —5 —10 50 = ; 
= E 5 = 3(2.99) 
15-17 2 —6 12 Tb Siete 
12-14 1 —7 -7 Lap es 


fd = —7 fd? = 537 


computed directly from the raw data) is D = 33.6 — 15.0 = 18.6. 
D? would therefore be (18.6)? = 345.96. This must be repeated 
for every one of the 60 scores before the sum of the squared devia- 


tions can be obtained. 


3 The derivation of the formula for computing the standard deviation by the 


* method used in Table 63 is given below. Working in c.i. units rather than raw 


score units, let MN Nc re x 
. D, — deviations of the scores in c.i. units from their mean. 


Di Dr. + meee 
i c = difference in c.i. units between the mean of the scores and 
the midpoint of the zero c.i., i.e. the arbitrary base. 
dyds +° ° d, = deviations of the scoresin c.i. units from the arbitrary base. 
Then = Diet 
Dz: =d:—¢ 
Dn = dn — € 


If the above equations are squared on both sides, we have 


Dij = (dı — ©)? = d? — 2dic + c 
Ds? = (dz — c)? = d? —2dc c 


Summating the above to determine the sum of the squared differences, we have 
u 
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Because of the excessive labor in computing the S.D. directly 
from the raw data, a simple process which approximates the true 
value of the S.D. has been developed. This is used in the computa- 
tions shown in Table 63, in which is computed the Standard Devia- 
tion of the data shown previously in Table 59. 


Di + D2+ +--+ De = dP +d2 +--+ da’) 
+ (2dic + 2dsc + + + + Qdac) + Ne? 
The aboye, written with summation signs, becomes: 
ED? = Xd? — 2cxd + Nc (1) 
Now it will be remembered from page 491 that c, which is the difference in c.i. 
units between tbe mean of the data and the arbitrary base (i.e. the mean in c.i. 
units away from the arbitrary base) was determined by adding the d values of the 


scores and dividing this sum by the number of scores. Since there are f, scores 
at d, deviation; f» scores at d» deviation; etc.; this summation is given by fidi + 
x 
fils + +++ fada = Bfd, which, divided by N gives NL 
z x 
We may therefore substitute in (1) E for c, giving 


spt = mb — 27M sa 4 N E f 


But the 2d and Zfd are the same, since Zfd is only a simpler method of deter- 
mining the Zd that involves grouping together all scores of the same d, and 
multiplying this d by f, the number of such scores. For the same reason, Ed? 
is the same as Efd*. The above equation therefore may be written: 


225m o data E 2 
aD = fd? — 2S +N TN. 


(fd)? , (2fd)? 
M r N 


1f both sides of the above equation are divided by N, we have 
=D? — zd GM (= 2 
w N Nw) tVN ) 
Ete. (Dy 
NN NN 
Extraeting the square root of both sides 
= VP _ 28 _ (xmy 
BRE Na N Y -@ 


which is the equation used in the computations accompanyi 
n Hes ying Table 63 to deter- 
mine the standard deviation of the distribution in c.i. units. " The value yielded 


by this expression is then multiplied by the size of the c.i. to givethe S.D. in raw 
score units. i 


=D? = Yfd? — 2 


| 


bi! 


CUT 
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The Standard deviation is the most commonly used measure of 
variability. Usually when the mean value of a set of data is given 
the S.D. is also given to indicate the variability of the data. f 


Comparable scores 


The S.D. performs another useful function—it can be used in 

the comparison of individual scores from different distributions. 

For example, suppose that two inspectors from departments A and 

B, who are working at different inspection jobs, detect respectively 

45 and 89 defects during a week of work. How can we compare 

| the efficiency of these two employees? It will be seen immediately 

that a direct comparison of the figures 45 and 89 is not valid. 

because the two inspection jobs may be very different. It will Css 

be seen that we can say little concerning the position of these 

m inspectors in their respective groups without knowing their relation 

to the mean of their group in inspection work. To make a com- 

parison, then, we must first compute the mean number of defects 

spotted by all inspectors in Department A, and the mean number 

spotted by all inspectors in Department B. Suppose that those 

means are respectively 38 and 95. We thus see that the inspector 

from Department A is 45 — 38 = 7 pieces above the mean for that 

department, and that the inspector from Department B is 89 — 95 

= —6, or 6 pieces below the mean of inspectors from that depart- 

ment. We can thus say, at this point, that the inspector from 

ment A is above average in ability on the job and that the 

m Department B is below average. But how about 

distance from the average? To answer this question 

the §.D.’s of the two distributions and determine 
h inspector is above or below average. 


how many S.D.’s eac 
Suppose we find the S.D. of the operators in Department A to be 
45 — 38 


Our first inspector is therefore BE ~ 1.27 S.D.'s 


Depart 
- inspector fro 
AR their relative 
we must compute 


5.5 pieces. 


above average. 
B is 9.5, the inspec 
Bs = —.63 or .63 S.D.'s below average. The deviation of a 
9. "e E 
score from the mean of the distribution expressed in S.D. units results 
in à measurement which ds comparable with similarly determined 
measurements from other distributions. Thus, we may say that our 
first inspector is about twice as far above average, in terms of com- 
parable scale units, as the second operator is below average. 


If the S.D. of the inspectors in Department 
tor from the group who detected 89 pieces is 


f 
bs 
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Scores computed in this manner are known as Z-scores. The form- 
ula for a Z-score is as follows: 


Raw Score — Mean of Raw Scores 
S.D. of Raw Scores 


Z-score = 


The Z-score is helpful not only when comparing scores from one 
distribution to another, but also when, for any reason, it is desired to 
combine scores with the same or differential weighting. A typical 
example of an industrial situation that requires this technique is in 
the combination of items used in a merit-rating blank. Suppose 
that each employee has been rated by his supervisor on a chart 
containing items such as the following. 


Industri- 0 10 20 30 40 50 
ousness | visilirii enar tire ren bonn nn ban nne Fr nn 
Always Often Sometimes | Usually Always 
loafs if loafs loafs and | is hard is hard 
not when not |sometimes | at work at work 
watched watched works 
when not 
watched 
Knowledge 0 10 20 30 40 50 
of Fob vyvibinii ina bann ana ban nn Ene een Lorna 
Knows Knows Is fairly Well in- Thorough 
little routine well in- formed on | knowledge 
about the | only formed on | details of present 
job his work | relative to | job and 
his work related 
work 
L 


We may suppose, for purposes of illustration, that it is now 
desired to combine these two traits into an overall merit rating. 
(If more than two traits are included in the chart, as is usually the 
case, the procedure is identical.) Suppose that an employee, 
Mr. A, has received 40 points on industriousness and 30 points on 
knowledge of job, making a total of 70 points if the ratings are added 
directly. Suppose that another employee, Mr. B, has received 30 
points on industriousness and 40 points on knowledge of job, which 
also results in a total of 70 points if added directly. It is clear that 
such direct and immediate combination of ratings would result in 
identical overall ratings for these two employees. The question 
which we may raise is whether such a statement of equal ratings is 
Justified. The answer is that it is not. If the mean rating of all 
employees on industriousness was 33 with a S.D. of 3, then A's 
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40 — 33 
rating would be 3 = 2.33, or 2.33 S.D.'s above the mean and 


— 3 
B’s would be 30 3 E = —1.00, or 1.00 S.D. below the mean on 


this trait. If the mean rating for all employees on knowledge of 
30 — 25 
= +.83, or .83 


6 

40 — 25 
6 
= 2,50, or 2.50 S.D.'s above average in this respect. Now, the 
proper combination of the two traits, if we wish to weight them 
equally, would be: 


job were 25, with a S.D. of 6, A would be 


S.D.'s above average in knowledge of job while B would be 


Rating in Rating in Z-Score Z-Score in Sum of 
Industrious- Knowledge in Indus- Knowledge Scores for 


Employee ness of Job triousness of Job Both Units 
A 40 30 +2.33 +.83 +3.16 
B 30 40 —1.00 +2.50 +1.50 


This transfer of ratings into Z-scores and the adding of the 
Z-scores shows that the two employees A and B are not equal in 
rating (as we would infer if the raw ratings were added), but rather 
that A is definitely higher than B. The procedure described has 
assumed that the two trait ratings, being combined, should be given 
equal weight, and the procedure shows how they can be combined 
with equal weight into a composite score. One might think that 
conversion of raw scores to Z-scores is not necessary if the raw 
scores are to be given equal weight in the combination score. 
Actually, if we do not give the raw scores equal weight in converting 
them into Z-scores, the scores will weight themselves according to 
the size of their respective standard deviations. In other words, 
if combined directly, the raw scores will be weighted too much or 
too little, depending upon their position relative to the means of 
their respective distributions and upon the variability of the dis- 
tribution of which they are a part. When scores are combined, 
they are always weighted in some manner, whether we deliberately 

‘eight them or not. It is highly important, therefore, to weight 
eq deliberately (either with equal weight or otherwise) by 
them ting them into Z.-scores and then combining them. 
on es not follow from the above discussion that combined 

i could always be weighted equally. Indeed, it is often 
scores to weiet various scores according to some plan that has 
ime ded upon before the scores are combined. When this is 

een 
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desired, such weighting can be accomplished very easily by multi- 
plying each Z-score by the appropriate weight before they are 
combined. In our illustrative case, suppose that we have decided 
that industriousness should be given twice as much weight as 
knowledge of job in determining the total rating. This would be 
accomplished as follows: 


Weighted | Weighted 


Z-Score | Z-Score in :, | Combined 
R Z-Score Z-Score in P 
Employee: | in Indus- Knowibdge in Indus- | Knowledge Weighted 
triousness of Jol Aciousmness ot Job cores 
A +2.33 +.83 +4.66 +.83 +5.49 
B —1.00 +2.50 —2.00 +2.50 +.50 


The combined ratings so obtained show a still greater difference 
between employees A and B than was obtained when the scores were 
equally weighted. If, on the other hand, it was desired to give the 
rating in knowledge of job twice as much weight as the rating on 
industriousness, the following computations would be made: 


à Wei i 
_Z-Score Z-Score in Ly asi Lona Combined 
Employee in Indus- | Knowledge in-Índi Kasela Weighted 
triousness of Job ve OM er ee 


triousness of Job Z-Seore 
A +2.333 + .833 +2.333 +1.666 4.0 
B —1.000 | +2.500 | —1.000 | +5 000 Hi 


This last procedure results in 
employees A and B, which, it 
when the raw scores were addi 
if we remember that the assum 


— Le 
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isonly 3. Thus, we obtain the same final result (equality) by direct 
combination that is obtained when the knowledge-of-job ratings are 
deliberately given a weight twice as great as the industriousness 
ratings. $ 
Many other problems arise in which it is necessary to weight 
scores to achieve a particular result. For example, a company 
faced with the problem of selecting a number of electrical appren- 
tices desires to give this training to those boys who have the greatest 
aptitude for the job and who are therefore most likely to succeed. 
Careful consideration and discussion of the problem by management 
and supervision resulted in the decision that four factors should 
determine whether an employee should be given this training. 
These four factors were general intelligence, present knowledge of 
electricity, previous merit rating, and seniority with the company. 
It was further decided in conference that, although all of these four 
factors should be considered, they are not of equal importance. It 
was decided that a fair weighting of their relative importance was 


as follows: 


General intelligenee...... «e 40% 
Knowledge of electricity....... 00. +- 066s eee eee eens eee 30% 
Merit rating...i seen 20 95 
Seniority or service wit PMPARYS cain ide ve x veers, LOS, 


To score the applicants according to this plan, each was given a 
ral intelligence test and a test covering technical phases of 
electricity. Merit ratings and seniority were obtained from the 
company records. Each of the four scores was converted into a 
Z-score and the four resulting Z-scores were respectively multiplied 
by 40, 30, 20, and 10. For each employee the sum of the weighted 
Z-scores was used in indicating whether or not he was given the 


apprenticeship training. 


gene 


Percentiles 


The discussion of comparable scores should have made clear the 
fact that a raw score on any test is relatively meaningless unless 
+ is interpreted in terms of its location in a distribution of other 
Tons à made by other people. If a test consists of 75 very easy 
acores ng, a score of 65 might be near the bottom of the distribu- 
qu d hence should be interpreted as a very low score. On the 
bs pa d, if a test consists of 75 very difficult questions, a score of 
other a be at or near the top of the distribution, and should there- 
be X considered a very high score. In other words, a raw score 

ore 
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of 65 might be a low score or a high score, depending upon the 
distribution of scores from which it is drawn. 

One convenient and widely used method of interpreting a raw 
score is by using percentile ranks. A percentile rank may be defined 
as the number showing the percentage of the total group equal to or 
below the score in question. "Thus, on a certain test, if 65 per cent 
of the total group scored 129 or below, the score of 129 would be 
at the 65th percentile, or would have a percentile rank of 65. The 
50th percentile, it will be noted, is the same as the median as 
previously defined. 

A convenient, practical method of determining by close approxi- 
mation the percentile equivalents of a set of raw scores makes use 
of a cumulative frequency distribution such as the one tabulated in 
Table 64. This tabulation is based on the same distribution pre- 
viously used in Table 57. 


TABLE 64 
CUMULATIVE Frequency DISTRIBUTION USED IN DETERMINING PERCENTILE 
Ranks or Raw Scores 


q@) (2) (3) (4) 


Class Intervals 


f Cumulative f Per Cent 
51-53 2 60 100 
48-50 2 58 96 
45-47 3 56 : 93 
42-44 4 53 88 
: 39-41 6 49 81 
36-38 9 43 71 
33-35 9 34 56 
30-32 T 25 42 
27-29 5 18 30 
24-26 4 13 22 
21-23 4 
18-20 2 4 E 
15-17 2 3 5 
12-14 1 1 2 
Total — 60 


. The per cent values, in column (4) of Table 64, are obtained by 
dividing each of the values in the cumulative f column, column (3), 
by the total of column (3), in this instance 60. The per cent values 
in column (4) are then plotted against the midpoints of the class 
intervals, as shown in Figure 137. From Figure 137 the percentile 
ranks of the raw scores may be read directly, with sufficient accuracy 
for most purposes. When this has been done, the raw scores with 


corresponding percentile ranks may be tabulated i 
illustrated in Table 65. : ae tise 
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In Table 65, only certain percentile ranks are given, because 
these are usually sufficient for ordinary purposes. However, the 
intervening percentile ranks may also be read from Figure 137, if 


d this is necessary. 
100 
80 
x 
2 
gso 
5 
£40 
Fr 
E 7| 
9 20 
e pe 
b Ea 
20.30.40 $50 60 
. RAW SCORE 
Fic. 137— Chart for converting raw scores 
into percentile ranks for illustrative data in 
Table 64. 

The manual published with standardized tests usually includes 
percentile tables making possible the conversion of raw scores into 
percentile ranks. Since the percentile rank of a given raw score is 

b TABLE 65 
Raw SCORES AND PERCENTILE RANK EqurvanENTs READ FROM FIGURE 137 
Percentile Rank Raw Score 
100 53 
Pa 98 52 
d 95 48 
/ 90 44 
80 40 
70 37 
60 35 
50 33 
40 31 
30 28 
20 24 
10 20 
5 ur 
2 14 
1 13 


dependent upon the nature of the group used in constructing the 
À P n table, several raw-score-to-percentile-rank conversion 


a 

= ; 10: i . 

colon, based on different groups, are often published with standard- 
» 


ized tests. 


508 APPENDIX A 


Correlation 


In numerous experimental situations, two variable quantities are 
so related that they vary, or tend to vary, with each other. A com- 
mon problem in industrial psychology is to reduce to a simple and 
meaningful statement the facts that have been discovered concern- 
ing such a functional relationship. Suppose that a number of 
punch-press operators during a given period of time have each 
punched a certain number of pieces and have each mispunched, or 
otherwise wasted, a certain number of pounds of stock material. 
In such a situation, it might be of considerable importance for 
management to know whether any relationship exists (and, if so, 
how much) between quantity of work done and amount of material 
wasted. Indeed, the company's policy with respect to speed of work 
recommended as well as the quality control in the form of penalty 
or bonus might well be formulated correctly only in the light of 
Specific knowledge of the relationship between speed and accuracy. 

Consider a department employing eight operators for whom the 
following figures for production and waste in pounds are available: 


Operator Production Waste 


| eee 95 3.0 
"S 103 4.5 
Bus secs 88 3.5 
docens 98 4.0 
Diss eus 93 3.0 
[; NOE 107 4.5 
Miss es erar 114 4.0 
[E 106 5. 


It is difficult, if not impossible, to determine from a gross inspec- 
tion of these two columns of figures whether any relationship exists 
between speed and accuracy. It is necessary to employ some type 
of graphic or computational procedure to determine the amount of 
relationship which may exist between these two sets of data. One 
simple and sometimes satisfactory method consists of a simple plot- 
ting of the values on co-ordinate axes and rough inspection of the 
results. If we let production be represented on the X or horizontal 
axis, and waste on the Y or vertical axis, then the production and 
waste of each operator will locate him on a chart, giving the result 
Shown in Figure 138. 

. A plot such as is shown in Figure 138 gives a much better indica- 
tion of the presence or absence of a relationship between the data 
Fus can be obtained from the columns of raw data from which the 
chart was prepared. "The chart shows that some relationship does 


— Ao 


ELEMENTARY STATISTICAL PROCEDURES 509 


exist, and it is even possible to draw in by inspection a line or curve 
that represents this relationship in an approximate form. 

Although this simple method of studying the relationship 
between two variables is sometimes adequate for very simple prob- 
lems or for those that involve only a small amount of data, it is not 
adequate for an exact study because it does not result in a quantita- 
tive statement of the degree of relationship. The slope of the 
dotted line cannot be considered such a quantitative statement 
because: (1) this line is drawn in by inspection and, (2) its slope 
depends upon the units of measurement on both the X and Y axes. 


5.0 x E 


4.0 8 at E 


WASTE 


3.0 


295 90 100 110 120 
PRODUCTION 
Fro. 138—A plot of the production and waste records 


for the eight punch-press operators shown above. 


Two commonly used quantitative methods for measuring the 
degree of relationship between two paired sets of data are rank-order 
correlation and product-moment correlation. 


Rank-order correlation 
. The use of this mee may be PME by applying it to the 
i unch press operators. 

te aoe two amm headed Rank give, respectively, 
I ae of the operators on the two measures (production and 
the The highest producing operator (in this case the seventh 
VES. 4) is given a rank of 1, the second highest a rank of 2, and 
in the E like manner, the rank of each operator in wastage is 
so On. ps waste-rank'column. In case two or more operators 
pisse d dur a given rank (as in the ease of the second and sixth 
are 


tors who are tied at 4.5 pounds of waste each), the tied 
opera 
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scores are all given the same rank, which is the average of the ranks 
that would have been assigned to the tied scores if they had not 
been tied. The values in the D? column are obtained by squaring 
each D value. The sum of the D? column is then determined and 
the correlation computed by means of the formula: 


6=D? 


R=1—- 7? —1) 


N is the number of cases entering into the computation. 

This formula for the rank-order correlation is an empirical 
formula. It yields a value of +1.00 if the data are in exactly the 
same rank order. (The reason for this may be seen from the fact 


TABLE 66 
COMPUTATION OF RANK-ORDER CORRELATION RANK 
Rank in Rank in Difference 
le Production Waste in Rank (D) (D): 


Ei 


Operator Production Wa. 


95 3.0 6 7.5 1.8 "2495 
103 4.5 4 2.5 1 w 2:25 
88 3.5 8 6.0 2.0 — 4.00 
98 4.0 5 4.5 5 25 
93 3.0 7 7.5 .5 .25 
107 4.5 2 2.5 ‘5 25 
114 4.0 1 4.5 3.5 12.25 
106 5.0 3 1.0 2.0 4.00 

25.50 

62D? 153 


R-l1-won-) l1 54^ 


that if all ranks are the same, all D's are zero, all D? values are zero, 
DD? is zero, and the formula becomes 1 — 0 = 1.) If the data are 
in exactly reverse order (that is, if the individual who ranks highest 
on one series is lowest on the other, and so on) the formula will yield 
a value of —1.00, but if no relationship exists between the two sets 
of data, a correlation of zero will be found. 

The use of this formula is ordinarily more satisfactory than a 
simple plotting of one variable against the other because it yields a. 
quantitative statement of the degree of relationship and not simply 
a graphic representation that cannot be reduced to a numerical 
statement. 

However, if an appreciable number of cases is involved, the 
rank-order method of computing the degree of relationship is 
extremely laborious. For this reason—and for other reasons of a 
mathematical nature—it is ordinarily used only when the dat: 
limited to a very few cases (less than 30). d 


v 
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The product-moment coefficient 

This is the most widely used measure of relationship. Like the 
rank-order correlation, it may vary from +1.00 (indicating perfect 
positive relationship) through zero (indicating no relationship) to 
—1.00 (indicating perfect negative relationship). The product- 
moment correlation, represented by the symbol r, may be defined in 
several ways. One of the simplest definitions is that r 2s the slope of 
the straight line which best fits the data after the data have been plotted as 


—a 


Fro. 139— The slope of the line R S is defined as b = u= 


es on co-ordinate axes; that is, it is the tangent of the angle made 


is line with the base line. — . E 
T E ed terms in this definition require further definition. By 


lope is meant steepness with which the line rises. The slope of à 
i wt ht line drawn in any manner across co-ordinate paper is 
peor as the distance; Y, from any given point on the line to the x 
deu t, minus the distance, a, from the origin to the y intercept, 
pe the distance, 2, from the point on the line to y intercept. 

1y) 


£-Scor 
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Thus the slope, which we will call b, is defined in Figure 139 as 
follows: 
y-—a 

r 


b= 


It should be remembered that, on co-ordinate axes, distances 
above and to the right of the origin are positive, while distances 
measured below and/or to the left of the origin are negative. The 
slope of any line which rises as it goes from left to right will therefore 
be positive (the greater the rise in a given distance to the right the 
larger the positive value of the slope) and the slope of any line which 
falls as it goes from left to right will be negative (the greater the fall 
in a given distance to the right, the greater the negative value of the 
slope). 

By line of best fit in the definition is meant a line so drawn that 
the sum of the squared deviations in a vertical direction from the 
original points to the line is less than the sum would be for any other 
straight line that might be drawn. 

A rough approximation of the value of r may be obtained by 
plotting the z-scores of the two variables, fitting a straight line to 
these points by inspection, and graphically measuring the slope of 
this straight line. Although this method is never used in practical 
computation (because it is both inaccurate and laborious), the 
application of it to a set of representative data may serve to clarify 
the meaning of the correlation coefficient, 7. Returning to the 
data for which we have previously computed the rank-order correla- 
tion (see Table 66 on page 510), we first compute the z-scores for 


each measure: 
TABLE 67 
Propuction AND Waste rog Eicur Puncu Press OPERATORS, WITH 
CORRESPONDING Z-Scores or THE PRODUCTION AND Waste FIGURES 
Z-Score in Z-Score in 


Operator Production Waste Production Waste 
95 3.0 —.69 —1.38 

103 4.5 4231 182 

88 3.5 —1.56 —.65 

98 4.0 —.31 +.09 

93 3.0 —.94 —1.88 

107 4.5 +.81 4.82 

d EY +1.69 +.09 

2 .69 
100.5 CE + +1.56 


[^] 
© 
© 
[2] 


, These pairs of z-scores are used as the x and y values for eight 
points which are plotted on co-ordinate axes as in Figure 140. The 
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straight line that seems best to fit these points is then determined (as 
with a stretched string which is moved about until the desired 1505. 
tion is obtained) and drawn on the graph. The correlation, r, as 
determined by this erude method, is obtained by measuring the 
slope of this line. The procedure applied to Figure 140 gives a 


-scores for production and waste records of the eight 
punch-press operators shown above. 


Fria. 140—A plot of the z- 


value of 7 = .61, but it should be emphasized that this value is 


affected by: 


1. The accuracy with which the straight line has been located, 


m The accuracy with which the slope of the line has been 

measured after it has been drawn. A 
Both points (1) and (2) operate to eliminate the possibility of 
his method of determining a correlation 


lete accuracy in t i 
es cient. Therefore, à mathematical method has been devised to 
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make the computation, so that no plotting of points or graphic 
measurements are required. This method involves determining 
the equation of the straight line which, if plotted, would best fit 
the points and computing the slope of this straight line of best fit 
from the equation. 


TABLE 68 
Computation or r BY Z-SCORE METHOD BETWEEN PRODUCTION AND WASTE 
FIGURES 
Z-Score in Z-Score in 

Operator Production Waste Production Waste [A 
95 3.0 —.69 —1.38 4-.95 
103 4.5 4-31 +.82 4.25 
88 3.5 —1.56 —.65 +1.01 
98 4.0 —.81 +.09 —.08 
93 3.0 —.94 —1.38 +1.30 
107 4.5 +.81 +.82 +.66 
114 4.0 +1.69 +.09 4.15 
106 5.0 +.69 +1.56 +1.08 
+5.38 

Z.Z, _ +5.38 

= a ae 67 


It may be proved mathematically that the slope of the straight 
line of best fit is given by the following equation: Slope = r 
Dilys 

N Lu 
z-scores for the pairs of points or values.” 


where ZZ.Z, is read “the sum of the products of the 


4 The proof of this formula is as follows: 


Za, Zor, Zz3 © © * Zen are the z-scores for the z variable 
Zyr, Zyn Zyn * 7 7 Zyn are the z-scores for the y variable 


The equation of any straight line is: y = a + bz. The problem is to find the 
values of the constants a and b in this equation which will give the straight line 
that “best fits” the data according to the criterion of best fit stated on page 512 
that is, the straight line which will give a minimum value to the sum of the: 
squared deviations between the line and the original points, 

The first point (whose co-ordinate points are Z.; and Zy:) will deviate from. 
the line by an amount: 

di = Zy — a — bZa 


this deviation squared will be ` 
d? = (Zi — a — Za) 


If the sum of all such squared deviations of the points from the li 
sented by u, then US 


u = Ed? = X(Z,—a — bz. 


For the values of a and b which result in u being a minimum, the derivatives of u 
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Applying the formula to the data in Table'66, wi 
the correlation as in Table 68. dide. 
'The value of r thus obtained by computation, .67, diff 
1 : ers fi 
7T the value of 61 obtained by plotting and inspection. "The plotting 
and inspection method yielded a value which was somewhat in 


error for the data in question. 


with respect to a and b, respectively, must be zero. To find the ci i 
espect . orrel; 
coefficient it is therefore only necessary to differentiate the equation ae 
toa and to b, to set the resulting derivatives equal to zero, and to solve for b 
(which is the slope of the straight line of best fit). This is done as follows: 


ðu 


ga 0 m 22 — a — bZ.)(—1) w 
ðu 
a Uea EN) Q 
P d (1) above becomes: 
0 = —ZZ, + Na+ bzZ. 
ZZ, = Na+ b3Z. (3) 
(2) above becomes: 
0 = —ZZ.Z, + aXZ. + bZ: 
| XZ.Z, = aZZ.--bXZ. ls 
It will be remembered that a z-score is obtained as follows (see page 502): 
| = My 
un or 
Where X is a given raw score, M. is the mean raw score, and c, the standard 
deviation of the raw scores. 
a The sum of all z-scores is therefore: 
d. 
z(X — M: 
: zz, = X = Me) 
oz 
_2X _ NM, 
"Oz E 
NX 
} " den 
| oz oz 
3X _ 2X 
oz oz 
In a similar way it can be shown that 
eA 
T 2Z, =0 
| g 0 for ZZ, and ZZ, in (3) we find immediately that a in the equa- 


By substitutin 
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While the z-score method of computing a correlation coefficient 
illustrated in Table 68 may be used with any number of cases and 
will yield the correct mathematical value of r, the use of this method 


tion of the straight line of best fit is zero. 
Working with (4), we find the value of b (which is the slope or the correlation 
coefficient) as follows: 
ZZ.Z, = aZZ.-- bzZ. 
since ZZ. — 0, this becomes: 
ZZ.Z,-—bZzZ. 
22.2, 


b= Sa (5) 
It may be shown as follows that ZZ? = N 
ue X- M: 
E 
Ze = (X — Mj 
c; 
zz = z(X — Mj 
az? 
22 = z(x:- XM. + M?) 
sz 
ag 2X = 2M.2X + NMS 
eds [o 
2X? — 23% 2X +N al 
2Z: = N 
o; 
NEX? —2(ZXy + (2X)? 
= N 
Blat zx: EXSU 
x ~Gr) 
NZX? — (2x)? 
N 
Siia s 
á NEX? — (EX)? 
ON 
zz, = P GX) - NEX) 
NEX? — (2X)? 
zz NINzX* — (zx) 
INZX* — (zX)] 
IZ: = 
- N (6) 
Substituting the value of E(Z.): 


ZZ.Z, given in (6) in equation (5), we have the slope or 


N 


r=b= 
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when many pairs of data are to be correlated is very laborious. Itis 
therefore recommended, under such circumstances, that a modifica- 


22.2, 
tion of the fundamental formula r = N ” which makes it possible 


to compute 7 from raw score values rather than z-score values be 
used. One convenient formula? for determining the coefficient of 
correlation directly from the raw data is: 
NzXY — zXzY 
fe 
/N3X? — (Xy A/NSY: — (SY)? 


When we apply this formula, for illustrative purposes, to the 


6 The proof of this formula is as follows: 


LISSE 
DS 
(O1. - M2 (Y — M) 
ANT oz oy 
1 (XY — XM, — YM. + M.M,) 
"NT Oz Dy 
. umY sex exer 
NIE and Rara 
"a [T 
zXzY i NZXZzY 
t Ponte oe 


EP - GS NE e 
NzXY — zXzY 
1 N 
ES —— Lae 


NzXY — zXzY 
1 N 
N J/NzX: — (2X)? V/NzY: — (ZY)? 
N N 
1 N(N2XY — zXZY) 
CNNA/NZX: — (2X)? V NEY? — (2Y)? 
NzXY — zXzY 
7OVNZX:- (2X)? VN2Y? — (ZY)? 
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data tabulated in Table 68, the computations shown in Table 69 
result: j 
TABLE 69 
Computation or r DigEcTLY From Raw Data 


Opera- Production Waste 
tor (x) (y) x? 2 xy 
Toto 95 3.0 9025 9.00 285 
PUN 103 4.5 10609 20.25 463 
Nu 88 3.5 7744 12.25 308 
n. 98 4.0 9604 16.00 392. 
DE 93 3.0 8649 9.00 279 
qe 107 4.5 11449 * 20.25 481 
CN 114 4.0 12996 16.00 456 
aM. 106 5.0 11236 25 00 530. 
zX = 804 ZY = 31.5 UX? = 81312 ZY? = 127.75 zXY = 3195. 

NZXY — zXzY 
r = INEX: — (2X)? /NIY:- (2Y): 


8(3195) — (804)(31.5) 

T = Z61312) — (804)? V/8(127.75) — GLS) 
r = .67 

When a considerable number of pairs of data are to be corre- 
lated, the use of a chart will still further simplify the computations. 
Several forms of such a chart have been prepared. One convenient 
form is shown in Figure 141. This chart shows the computation of 
the correlation between time used in inspecting 300 pieces of material 
-and the number of defective pieces detected. In using this chart 
the following steps should be followed: 

1. Decide upon appropriate class intervals for one of the vari- 
ables (using the rules given on page 486) and write these in on 
either the z or the y axis. 

2. Decide upon appropriate class intervals for the other vari- 
ables and write these in on the axis not used in (1) above. 

3. Place one tally mark on the scattergram for each pair of 
values being correlated. For example, if an inspector Spotted 
33 defects in 16.5 minutes, the tally mark would go in the pigeon- 
hole that is found at the intersection of the row containing 33 m t; 
and the column containing 16.5 minutes. SU 

.4. After all tally marks have been placed o -— 
should be added horizontally and the gin of the ae py thio row z 
row written opposite this row in the f, column ton: “i in eac 

5. The tally marks in each column should be added And th it 
written at the bottom of each column in the row (A), the f. ee 

6. The f, column should be added and the sum avian oppo- 


ooounooono 


dd 
CLASS INTERVALS Y-VARIABLE Act - ooa) — 
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site N at the bottom of this column. The value of N thus obtained 
may be checked by adding the values in the fz row. The sum of these 
values should also give the value of N. 

7. Each value of f, in the column so headed should be multi- 
plied by the value of dy opposite it, and the resultant product written 
x è Wima 2 imapa 
E CLASS INTERVALS X-VARIABLE . 300.e-zcao/ PROJECT Lakaien elato 


OL s 


My) 
[r1 d 
[ [29] 


co dw 9 
d, d 


PEPER 


El 
[1 


ETT 


ee AERP Pree 
EELFEELEEEE aoe 


ds 


a) fx 

0 AonnEDPC EE Dn yee NERY ay 700 

(c) fxdx | |/ 1 o J! 5 . 

PT 1 alah AERES ] Viet Yar aye 
IY EX re = 3. 

MEAN Y«MIDPOINT OF ZERO CL. EX (GL) MEAN X«MIDPOINT OF ZERO Gls (G4) 

MEAN Ye (4054 14bb “wal MEANX= 8.5 + 744%= 746v — [17917 

75: 


— 
s.dy2/BE -(R eo soy c/EX (XY cen r=—707076 
oF o Ea sm fea =z] Lae 


108; 
in the computation of a product moment coefficient of 


Fig. 141—A chart used c 
correlation. 


in Column 3, headed f,dy. The sum of Column 8 is the value of 


SY, which is used in the formula. 
8. Each value in Column 3, the f,dy column, should be multi- 


plied by the corresponding value in Column 2, the d, column, 

resulting in the values for Column 4, or the Sud,’ column. The sum 
of Column 4 is the value of DY? which is used in the formula. 

9. The values going into Column 5, the fd. column, are deter- 

h row, the sum of the produets of the 


:ned by finding, for each roy 
ns ve cases Uu each cell times the x value of that cell. For 
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example, in the first row in which a tally mark appears, there is 
only a single case, which appears in the cell under an z value of 13. 
The value to go into the blank in Column 2 is therefore (1) (13) = 13. 
In the next row no tally marks appear; therefore this row is blank. 
In the next row, one tally mark appears in the cell under an x value 
of 11, two in the cell with an z value of 12, and one in the cell with 
an x value of 13. The value to go into the blank cell in Column 4 is 
therefore (1) (11) + (2) (12) + (1) (13) = 48. The remaining cells 
in Column 4 are filled in a similar manner. 

10. The cells in Column 6, the fd.d, column, are filled with values 
obtained by multiplying each value in Column 2, the dy column, by 
the value in that same row appearing in Column 4, the fd, column. 
The value in the first cell in Column 6 is therefore (15) (13) — 195. 
The sum of Column 6 is the value of EX Y which is used in the formula. 

11. The values in row (C) are obtained by multiplying each value 
in row (A), the fz row, by the value directly below it in row (B), the 
d.row. The values appearing in row A have already been obtained 
(see Step 5 above). The resultant values are entered in row (C), 
thef.d.row. The sum of the values appearing in row (C) is the value 
of EX which is used in the formula. 

12. Each value in row (B), the d. row, should be multiplied by 
the value directly below in row (C), the fd. row. The resultant 
values should be entered in row (D), the f.d.?row. The sum of the 
values in row (D) is the value of EX? which is used in the formula. 

13. The values for N (see Step 6), XY (see Step 7), SY? (see 
Step 8), ZXY (see Step 10), ZX (see Step 11), and EX? (see Step 12) 
are now entered in the formula. "The indicated arithmetic compu- 
tations are then performed, yielding the value of r, 

The use of this method assumes that each measur 
of the midpoint of the class interval in which it falls. 
tions indicated on the chart result in obtaining n a 
for r but also the mean and the standard decido Fibwe. 
and Y arrays. It will be noted that these are the same formules 
previously considered on pages 499 and 500, 


e has the value 
The computa- 
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Taylor-Russell Tables' 


Tables of the Proportion Who Will Be Satisfactory Among Those Selected, for Given 
Values of the Proportion of Present Employees Considered Satisfactory, the 


election Ratio, and r 


Proportion of Employers Considered Satisfactory = .05 


election Ratio 


-30 .40 .50 .60 .70 .80 .90 .95 


Proportion of Employees Considered Satisfactory = .10 


election Ratio 


.30 .40 .50 .60 .70 .80 .90 .95 


T These tables are 


JO  .20 
.05  .05 
(06 06 
107.07 
(08  .07 
109 08 
1.09 
aa 10 
aid, sth 
.16  .12 
Jd 8 
.10 .J5 
122 116 
24 T 
226 118 
:29  .20 
82.21 
135.22 
:39  .23 
M3 .24 
.47 .25 
50  .25 
10 .20 
10 10 
u2 
3  .18 
15.14 
AV AS 
19.17 
122. .19 
124  .20 
.27 .22 
29 .24 
.82  .26 
.36  .28 
139 -30 
.43 .32 
47 .35 
51 87 
.56  .40 
162 43 
169 -46 
a A 
50 
reproduced 


cients 
] coefficients, Psychology. 


by permission from H. C. Taylor and J, T. Russell, “The Rela- 


to the Practical Effectiveness of Tests in Selection: Discussion 


III (1939), pp. 565-578. 
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Proportion of Employees Gomidered Satisfactory = .20 
elec i 


r -05  .10 .20 .30 .40 .50 .60 .70 .80 .90 .95 


R E 
.90 98 91 75 60 .48 40 33 29 25 22 .21 
.95 1.00 97 82 64 .50 40 33 29 25 22 .21 
1.00 1.00 1.00 1.00 67  .50 40 33 29 25 22 .21 
Proportion of Employees Considered Satisfactory = .30 
Selection Ratio ; 
r 05  .10 20 .30 .40 .50 .60 .70 .80 .90 .95 


48 32 
CUER He WL ae NE WC DN MUS N 
SOMLdeno -08 790 «19. casi "58 gg vods ae D RS 
95 | 1:00 1:00  .96 CENA Be wo M st 

1.00 | 1:00 1.00 1:00 1700 ^75 60 
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Proportion of Employees Considered Satisfactory — .40 
Selection Ratio 


r 205 .10' ..20 230  .40  .50' .00- 5707 7800*..00 295) 


oo 
on 
Bee 
m 
2 
e 
o 
a 
‘ot 
a 
& 
x 
E 
e 
a 
ao 
ES 
e 
t=] 
r3 
* 
[2 
D 


“00 1.00 1.00 1.00 1.00 ` .80 .67 :57 <50 .44 .42 


Proportion of Employees considered Satisfactory = .50 


i os .10 .20 .30 .40 .80 .60 .70 :80 .90 .95 


75 90 185 .80 .73 .67 .61 .55 .53 
80| 1.00 .99 07 '94 “gg 82 76 69 162 <55 :53 
85. 1.00 89. 99 97 .92 .86 ..78 .70 1621 .56 53 
90 | 1.00 100 1.00 .9 96 .90 .81 .71 .63 .56 .53 
95| 1.00 1-9 1,00 1:00 1.00 1:00 :88 .71 63 56 153 
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Proportion of Employees Considered Satisfactory — .60 
election Ratio 
r .05 .10 .20 .80 .40 50 -60 .70 .80 .90 .95 
-Bon 160-80 SEO .60 a0 00 60 59 60 a 
“05 | .64 .63 .63 .62 162 iez 6b “er .61 .60 .60 
.10 68 67 65 64  .64 63 63 62 Bl Gl. 
.15 7 70 .68 .67 .66 85 64 .63 .62 .61 .61 
.20 75 78 71 69  .07 66 65 64 63  .62 .61 
.25 78 76 73 71 -69 68 66 65 63  .62 .61 
.30 82 79 76 73 fi 69 68 66 64  .62 .61 
.35 85 82 78 70  .78 71 69 67 65 -63 .02 
.40 88 85 81 78  .75 73 70 68 66  .63 .62 
.45 90 87 83 80 .77 74 72 69 66  .64 .02 
.50 93 90 .86 .82. .79 76 73 .70 .67 .64 .62 
.55 95 92 88 84 .81 78 75 71 68  .64 .62 
.60 96 .94 .90 .87 ‘gg 80 .76 .73 .:69 65 ` 63 
.65 98 96 92 89 .85 82 78 74 70 .65 .63 
.70 99.97 .94 :91 ‘97 84 .80 .75 n ` 66 .63 
.75 -99 99 96 .93 90 86 81 17 .71 66 .63 
.80 1.00 99 98 .95 .92 88 83 78 .72 ..66 163 
.85 1.00 1.00 99 .97 95 91 86 80 .73 .66 .63 
.90 1.00 1.00 1.00 ‘99 .97 94 88 82 .74 67 :63 
.95 1.00 1.00 1.00 1.00 .99 97 92 St .75  :67 .83 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 86 .75 .67 .63 
Proportion of Employees Considered Satisfactory =.70 
election Ratio 
r .05 ..10 .20 30 .40 50 .60 .70 .80 90 .95 
.00 40  .70 .70 70 -70 .70 .70 70 0 .70 .70 
.05 A48. 3 .72 72 2 .71 71 vl TI . .v6 
.10 a 8 5 yu -73 .78 72 42. 1 — 7 70 
.15 „80 .79 .77 |76 775 Th 73 73 0m wl 7l 
.20 -83 .81 .79 |78 stl 76 AB 4 .73 m vith 
.25 .-86 .84 .81 .80 73 .77  .76 do / 93 072 71 
.30 -88 .86 .84 82 -80 .78 |77 do 74 72 71 
.35 -91 .89 .86 .s3 -82 .80 |78 6 .75 78 Erat 
.40 .98  .91  .88  .85 .-83 .81 .79 -7 .75 178 72 
.45 .94 .93 .90 [87 -85 .83 81 -78  .76 173 72 
.50 ‘96 .94 91 .89 87 -84 .82 .80 7 74 .72 
.65 97° .96 .93 .91 -88 .86 |83 81.78. 74 72 
.60 -98 .97 .95 .92 90 -87 .85 .82 79 A5 29 
.65 .99  .98 .96 94 -92 .89 86 -88 .80 75 .73 
.70 1.00 .99 .97 (96 -93 .91 88 -84 .80 76 .73 
.75 1.00 1.00 .98 .97 -95  .92 89 .86 .81 .76 .78 
.80 1.00 1.00 .99  .98 97. .94 [gn ‘Bf 189. 277 78 
.85 1.00 1.00 1.00  .99 -98  .96 93 -89 .84  .77 .74 
.90 1.00 1.00 1.00 1.00 -99 .98  .95 “Ol. S5 — TE v4 
-95 | 1.00 1.00 1.00 1:00 1.00 -99 .98 .94 86 78 74 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  .88 -78 .74 
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Proportion of Employees Ke e Satisfactory = .80 
election Ratio 


r .05 .10 .20 .30 .40 .50 .60 .70 .80 .90 .95 


.00 .80 .80 .80 .80 .80 .80 .80 .80 .80 .80 .s0 
.05 -83 .82 .82 .82 .81 .81 .81 .81 .81 .80 .80 


id 
75| 1.00 1.00 1.00 .99 .98 .97 .95 .93 .90 .86 .s3 
80| 1.00 1.00 1.00 1.00 .99 .98 .96 .94 .91 .87 .84 
85| 1.00 1.00 1.00 1.00 1.00 .99 .98 .:96 .92 .87 .84 
90 | 1.00 1.00 1.00 1.00 1.00 1:00 .99 .97 <94 ‘gs ‘84 
7:05 | 1.00 1.00 1.00 1.00 1.00 1.00 1:00 <99 ‘96 ‘89 .84 
1.00 | 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1:00 .89 ‘84 


Proportion of Employees fal riod Satisfactory = .90 
el 


: | .05 .10 .20 .30 .40 .50 .60 .70 .80 .90 .95 


oo| .90 .90 .90 .90 .90 .90 .90 .90 .90 .90 .90 
os| 92 .91 .91 .91 .91 .91 .91 .90 .90 ‘90 .90 
Yo] :98 .93 .92 :92 .92 ‘91 .91 .91 .91 ‘90 ‘90 
"üs| (95 .94 193 .93 .92 .92 .92 .91 .91 ‘91 :90 
'30| 96 .95 .94 .94 .93 .93 .92 .92 ‘91 .91 :90 
.96 .95 .95 .94 .93 .98 .92 .92 .91 91. 
20 -98 :97  .96 -95 -95 M -94 33 -92 E E 
E or 4 95 .95 . .9 4 J F 
LINE NE 97 196 95 .95 .94 .93 [92 ‘or 
98 .97 .96 <95 .94 .93 02 ‘91 


99 99 98 97 .97 .98 .95 .94 .02 209 


50| 1.00 .99 .99 .98 . 

d ‘99 199 .:98 .97 .97 .96 <94 .93 .92 
-55 | 1.00 1-00 9o <99 <99 98 .97 .96 :95 93 92 
-60 | 1-00 1.00 1.00 .99 :99 .98 .98 .97 .96 <94 ‘92 
65 | i100 1:00 1:00 1:00 .99 .99 .98 .97 .96 94 :03 
: .00 1.00 1.00 .99 .99 .98 .97 .95 .93 
.75 | 100 1.00 1-50 1.00 1.00 1:00 :99 ‘99 ‘97 .95 ‘93 
.80| 1.00 1:00 1:00 1.00 1:00 1:00 1:00 <99 ‘98 96 ‘94 
.85 | 1.00 1-00 1.00 1.00 1.00 1:00 1:00 1:00 .:99 97 ‘94 
.90 155 1.00 1.00 1 00 1.00 1.00 1.00 1.00 100 .98 .94 
5 1-05 1.00 1:00 1000 1.00 1.00 1.00 1.00 1.00 1.00 ‘95 
1 cess 
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Appendix C 
Publishers of Tests’ | 


1. Intelligence Tests 


Title Publisher? 
ANS sp A EFE TE Science Research Associates, 
228 S. Wabash Ave. 
Chicago, Illinois 
Army Alpha, Bregman’s Revision. ..... Psychological Corporation, 
522 Fifth Avenue, 
New York City 
Sede Psychological Corporation 
- Psychological Corporation 
Sheridan Supply Company, 
P. O. Box 837, 
Beverly Hills; Cal. 
aom Bureau of Education Measurements, 
Kansas State Teachers College, 
Emporia, Kansas 
hatte Manágement Service Company, 
3136 N. 24th Street, 
Philadelphia, Pa. 
E ES DUE TD ERST vero Psychological Corporation 
Publie School Publishing Company, 
Bloomington, Ill. 
Psychological Corporation 
The Psychological Institute, 
3506 Patterson St., N. Wy 
Washington, D. C. 
World Book Company, 
Yonkers, N. Y. 
Public School P 
Public School P. 


Adaptability Test 


Army Alpha, Forms 5 and 7. 
Army Alpha, Form 6...... 
Army Alpha, Nebraska Revi 


Henmon-Nelson Tests of Mental Ability 
O'Rourke General Classification Test. . . 


ublishing Company 
ublishing Company 


Science Research Associates 


1This summary is reproduced in part from Experience with E loyment 
Tests, Studies in Personnel Policy, No. 32, National Industrial Canteen | 
Board, Inc., 247 Park Avenue, New York, N. Y. 
2 The address of the 


publisher is gj in fal : è 
pany appears in this list, Even in full only the first time the com 
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Title Publisher! 
Roback Mentality Tests.............-. C. H. Stoelting, 
424 N. Homan Avenue, . 
Chicago, Ill. 


Scott Company Mental Alertness Test.. C. H. Stoelting 


Stanford Scientific Aptitude Test, D. L. 
Stanford University Press, 


Zyve... eerreererererenreerenret 
Stanford University, Cal. 

Terman Group Test of Mental Ability.. Psychological Corporation 

Vocational Aptitude Examination (Clee- 

ton & Mason) 

Wonderlic Personnel Test.... 


Psychological Corporation 
E. F. Wonderlic, 

919 N. Michigan Ave., 
Chicago, Ill. 


2. Clerical Tests 


... Management Service Company 

. Psychological Corporation 

. Psychological Corporation 

. Psychological Corporation 

. Psychological Corporation 

Public School Publishing Company 


Benge Clerical Test D 
Benge’s Stenogauge.......--- 
Bennett’s Stenographie Test. 
Blackstone Typewriting Test. 
Clapp-Young Arithmetic Test 
Clem Senior Typewriting Test. 
Cole Guidance Examinations in the Fun- 

damental Vocabulary........ ss 


Detroit Clerical Aptitud: 
E.R.C. Stenographic Aptitude Test.... . Science Research Associates 
Kimberly Clark Typing Ability Analysis Science Research Associates 

Link's Context Test... -s-e n C.H.Stoelting —— 

Markham English Vocabulary Tests.... Public School Publishing Company 


Michigan Vocabulary Profile Test Form 


Publie School Publishing Company 


World Book Company 
. Psychological Corporation 
Workers.... Psychological Corporation 


E or a e erede E 
N.LLP. Clerical Test 
Minnesota Test for Clerical 
O'Connor's English Vocabulary, Work- i 
sample 95, Form EA... Stevens Institute of Technology, 
Hoboken, New Jersey 


ude Test, Junior 


s erical Aptit 
p ERN ks k Weis > 3 Psychological Institute 
Otis Arithmetic Tes! World Book Company 
Pressey Diagnostic Test in Eng. Comp.. Public School Publishing Company 
Rogers’ Stenographic and Typing Tests. C. H. Stoelting 
Schorling—Clark Pott 
Scott Company File Clerk Test.......- 
Shellow's Intelligence Test for Stenog- í 
raphers and Typists......- ttn C. H. Stoelting d 
Science Research Associates 


ts of Clerical Aptitude. .. Sei 
Fig dh of Language Skill. . .. Science Research Associates 


f ing Skill... a Science Research Associates 
T ot bw Skill Science Research Associates 


— ihe address of the publisher is given in full only the first time the com- 


pany appears in the list. 
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Title Publisher! 
Thurstone Examination in Clerical Work, 
Form A World Book Company 
Thurstone Examination in Typing, Form > 
Uer M a Psychological Corporation 
"Tressler Minimum Essentials Test (Eng- 


HED) MR UR Publie School Publishing Company 


3. Dexterity and Manipulative Tests 


MacQuarrie Test for Mechanical Ability California Test Bureau 
3836 Beverly Boulevard 
Los Angeles, California. 
Minnesota Rate of Manipulation Test. . Psychological Corporation 
O'Connor Finger Dexterity Test....... Human Engineering Laboratory 
Stevens Institute of "Technology 
Hoboken, New Jersey 


O'Connor Tweezer Dexterity Test...... Human Engineering Laboratory 
Purdue Hand Precision Test........... Lafayette Instrument Company 
Lafayette, Indiana ES 
Purdue Pegboard.,...........c0eseeee Science Research Associates 
Stanford Motor Skills Unit. ........... C. H. Stoelting 
4. Mechanical Tests 
-. Psychological Corporation 
- C. H. Stoelting 
ion, Fori A. ie e e ees sie ste oes Public School Publishing Company 
Industrial Training Classification Test.. Science Research Associates 
Kent-Shakow Industrial Form Boards... C. H. Stoelting 
Mellenbruch Tests of Mechanical Apti- 
IOC us aat Ve krion toi os Science Research Associates 
Minnesota Mechanical Assembly Test... Psychological Corporation h 
Minnesota Paper Form Board, Series B, i 
Revised Series AA Science Research Associates 
- Psychological Corporation 
Stevens Institute ka 


O'Rourke Mechanical Aptitude Test, 
CT E ERAN Psychological Corporation 
Purdue Mechanical Adaptability Test... Division of Applied Psychology 
Purdue University 
Lafayette, Indiana 
-. Psychological Corporation 
-. Science Research Associates 


5. Personality Tests 
MERO eg Houghton Mifflin Company, 


2 Park Street, 
Boston, Mass. 


Stenquist Mechanical Aptitude Test. . 
SRA Tests of Mechanical Aptitude. 


Allport Seale of Values Test 


1 The address of the publisher is 


€ I given in full only the first time the com- 
pany appears in the list. 
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Title isher! 
A-S Reaction (Beckman's Revision). ... RE eem 
Bell's Adjustment Inventory.. Stanford University Press 
Benge Interest Test.......... Management Service Co. 
Bernreuter Personality Inventory.... Psychological Corporation 


California Test of Personality, Secondary 
(Ror dMeases se sicut as rahe maa California Test Bureau 


Guilford Series of Personality Tests. Sheridan Supply Company 
Beverly Hills, California 

Humm-Wadsworth Temperament Scale. D. G. Humm Personnel Service, 
Los Angeles, California 

Inventory of FactorsS TDCR....... Sheridan Supply Company 


Keeler Polygraph.............. eese Associated Research Ine., 
431 South Dearborn St., 
Chicago, Illinois 
Laird's I-E Test... s ececeereum rt nnn Psychological Corporation 
Minnesota Multiphasic Personality In- 
ventory University of Minnesota Press 
Minneapolis, Minnesota 
Psycho-Somatie Inventory.......... Psychological Corporation 
Root's New I-E Test .. Psychological Corporation 
TThurstone Personality Schedule........ University of Chicago 


6. Interest Tests 

Brainard-Stewart Specific Interest In- 
VOENTONICS isis secsiare eee entm nior oi ale nhan Psychological Corporation 
Cleeton Vocational Interest Inventory.. Psychologieal Corporation 

Kuder Preference Record..........- .. Science Research Associates 
Le Suer Occupational Interest Blank. ... Psychological Corporation 
Link's Personality Quotient Test....... Psychological Corporation 


Manson Oceupational Interest Blank for 
Women.. .. Psychological Corporation 


Minnesota Interest, Analysis. . .. Psychological Corporation 
Primary Business Interests Test........ Science Research Associates 
Strong Vocational Interest Blank for Men Stanford University Press 
Thurstone Vocational Interest Schedule. Psychological Corporation 


7. Trade Tests 


Can You Read a Working Drawing?.... Science Research Associates 
Can You Read a Micrometer?.... . Science Research Associates 
Science Research Associates 


Can You Read a Scale?.......... ++ +++ 
Purdue Vocational Tests 

1. Machine Shop and Machine Opera- 

TIGE cesare eruat neni ee M By 

(Total score for general machinist 

and sub-seores for operators of 

lathe, shaper and planer, grinder, 

milling machine, and bench 

workers) 
1 The address of the publisher is given in full only the first time the com- 


Seience Research Associates 


pany appears in the list. 
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Title Publisher? 
QIURIGCErICIbg E EA TAE IN ER BA Science Research Associates 
3. Blueprint Reading . Science Research Associates 
Purdue Industrial Mathematics Test.... Division of Applied Psychology t3 


Purdue University 
Lafayette, Indiana 
8. Industrial Vision Tests 


Ortho-Rater Visual Classification Tests.. Bausch and Lomb Optieal Company | 
Rochester, New York 


Rite-Soreener. seus decane he Inno American Optical Company 
$ Southbridge, Massachusetts 
Keystone Visual Safety Tests.......... Keystone View Company 


Meadville, Pennsylvania 


1 The address of the-publisher is given in full only the first time the com- 
pany appears in the list. 


INDEX 


Index 


A 


Abel, T. M., cited, 97 
Ability: 
basic causes of, 264 
defined, 52 
how measured, 52 
mechanical, tests (see Mechanical 
comprehension tests) 
Absenteeism: 
criterion for testing the tests, 55 
decrease of, through employee train- 
ing, 258 
Accident proneness: 
age and, 435 
causes of, 440 
Cleveland Railway Company, 
study, 439 
defined, 421 
emotional factors, 439 
external factors relating to, 430 
factors in, 422 
muscular speed and, 444 
nonpersonal factors in, 4 
perceptual speed and, 44 
plant experience, factor in, 435 
psychological E 
factors relating t0, 432, 447 
tests and, 443, 444, 448 
reduction of, 448 


versus job, 425 
with similar hazards, 429 


vision and, 432, 448 
Accidents: 
American 
study, 43 
causes of: 
physical 


Engineering Council, 


conditions, 418 
psychological conditions, 418 

criterion for testing the tests, 99 

decrease of, with employee training, 


Accidents (Cont.): 
emotional cycles and, 439 
Essex County Vocational School 

study in, 443 ; 

first-aid cases, 419, 420 
Romo eese 419 
hospital visits, stud: i 
, mill, 423 et seq. Un RUE 
industrial counselors and, 442 
lost-time, 419, 420 
mental ability and, 443 
preventability of, percentage, 418 
study in steel mill, 423 
types of, 431, 453 
vision and, 210, 211, 219 


Accomplishment, relation of neurotic 


tendencies to, 166 


Accounting, test for, 180 
Accuracy: 


of inspectors, measuring, 297 
speed, relation to, 152, 304 


Achievement tests: 


defined, 50 
forms of, 145 
function of, 145 
how given, 146 
miniature or job sample method, 
150 i 
oral trade questions, 146 
Purdue Achievement Tests, 49 
Purdue Vocational Tests, 155 
vocational achievement, measure 
ment of, 162 
written: 
by whom used, 155 
uses of, 159 
Acuity, visual (see Vision in industry 
and Visual acuity) 
Adams, S., cited, 232 
Adaptability Test, 49, 85, 91, 93, 95 
Adjusting, test for, 180 


257 tal differences in, 431 
ntal dU * j m 
» a Administrators of tests, 80-81 
533 


534 


Age of employees: 
accidents and, 435 
acuity and, 220 
color discrimination and, 224 
depth perception and, 223 
far acuity and, 222, 223 
merit rating, relation to, 355 
near acuity and, 221 
visual changes with age, 219 
Agreeableness, defined, 173 
Aircraft propellers, inspectors, 318 
Alessi, S. L., cited, 384, 389 
Allen, E. P., cited, 142 
A.M.A. test chart, 196 
American Council on Education, 
Psychological Examination, 92, 
120 
American Engineering Council, safety 
and production study, 431 
American Medical Association: 
acuity notation, 197 
letter test charts, 198 
American Standard Safety Code for the 
Protection of Heads, Eyes, and 
Respiratory Organs, 238 
Anderson, L. D., cited, 110, 143 
Anderson, V. V., cited, 442 
Angles, A., cited, 410 
Applicants: 
application form, reaction to, 37-38 
information about, 36 
visual qualifications of, 192 
Application form, 23 
basic assumptions of, 37 
contents, suggestions for, 38-42 
disadvantages of, 37-38 
purpose of, 36-37 
Apprentices: 
attitudes of, 480 
selection of, 142, 159 
training of: 
co-opération with testing divi- 
sion, 283 . 
federal committee, 282 
instructional period, 282 
skilled tradesmen, 282 
Aptitude Index, 39 
Aptitude tests: 
defined, 50 
differentiated from achievement 
tests, 50 


INDEX 


Arithmetic mean (see Mean, arith- 
metic) £ 
Armstrong, T. O., cited, 329 
Army Alpha Mental Test, 443 
Arnold, J. N., cited, 157 
Arps, G. F., cited, 398 
Artistic interest test, 180 
Asbestos workers, achievement test 
for, 147-148 
Ascendancy in social situations, 173 
Asher, E. J., cited, 84 
Assembly work: 
electrical, relation to vision, 218 
small, finger dexterity in, 132 
Assorting tin plate, 297 
Atlantic Refining Company, 340 
Attitudes (see also Morale) 
apprentices, 480 
exit interview, 470 
fatigue and, 416 
female employee, 480 
male employee, 480 
scale, 92 (see Attitude scale) 
survey: 
function of, 468 
questionnaire, sample of, 469 
value of, 470 
Attitude scale: 
administration, 465 
Bergen Scale for Measurement of 
Attitude of Employees Toward 
Their Company, 463 
construction, 464 
Uhrbrock Scale for Measuring Atti- 
tude of Employees Toward Their 
Company, 467 
value of, 467 
Annan schizoid component, defined, 
1 
Ayers, A. W., cited, 218 


Bank employees, test of, 89 

Barnes, R. M., cited, 400, 401, 402 

Barre, M. F., cited, 130 

Batson, W. H., cited, 287 

Bausch and Lomb Visual Classifica- 
tion and Placement Tests for 
Industry, 187, 213 

Beckett, W., cited, 408 

Bedaux units, defined, 250 


^^ 


INDEX 


Bedford, T., cited, 406, 407 - 

Bench: y 
hands, selection of, 135, 136 
operations, technical information 


in, test, 156 


Bergen, H. B., cited, 463, 479 

Bergen Seale for 
Attitude of Employees Toward 
Their Company, 463 

. R., cited, 130, 133 

, R. G., cited, 166, 167 

Bernreuter Personality Scale, 166, 168 

Bernreuter Seale, 90 

S. M., cited, 412 

Bills, M. A. cited, 2, 89, 97 


Bingham, W. V., cited, 25, 26, 345 


Bishop, M. K., cited, 20 A 
Blackstone Stenographic Proficiency 
Tests, 153 
Blake, Joe, case, 278, 280-282 
Blankenship, A. B 
Blueprint reading, test, 157 
Blum, M., cited, 132, 140, 460 
Blum Sewing Machine Test, 1 
Bock, A. V+ cited, 410 
Bodily measurements, 
dexterity, 123 | 
Bolanovich, D. J., cited, 94 


Book, W. F., cited, 289 


relation to 


Brewer, J- M., 
Bricklaying, mo 
400, 401 


tion study of, 399, 


Bryan, 
ae 5 H., cited, 37 
Buros, , cited, 87 
Burton, A» cited, 175 
Cc 
Ww, cited, 10, 157 
caldwell, C. 75 732, 140 
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Capacity: 
defined, 51 
how measured, 52 
Cardall, A. J., cited, 180 
Cardall Primary Business Interest 
Test, 180 
Carroll, F. E., cited, 248 
Central tendency of data: 
arithmetic mean, 490 
median, 492 
mode, 495 
Chambers, E. G., cited, 443, 444, 447 
“Chance-halves” method of deter- 
mining reliability of selection 
test, 63 
Change Making Test, 90 
Charts: 
merit-rating, 323, 326 
Snellen letter test, 193, 196, 449 
Chave, E. J., cited, 464 
Christy, F. C., cited, 170 
Civic relations of company and wages, 
364 
Clarke, W. V., cited, 90 
Class intervals, statistical data, 487 
Clerical: 
selection, mental ability tests, 88, 
91, 92, 155 
publishers of, 527 
vision, job differences in, 229 
work, job sample of, 153 
workers, intelligence of, 2 
Cleveland Railway Company, acci- 
dent study, 439 
Clubs and lodges: 
belonging to, relation to success, 
40-41 
personality of members, measure- 
ment of, 168 
Coil winders, selection of, 134, 136 
Coleman, J. A., cited, 200 
Coler, C. S., cited, 479 
Collecting, test for, 180 
Collective bargaining agreement, 369 
College graduates, training program 
for, 283 
Collier, H. E., cited, 475 
Collins, S. D., cited, 221 
Color discrimination: 
accidents and, 433 
accurate, importance of, 185 
and age, 224, 225 
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Color discrimination (Cont.): 
distribution of scores, 190 
Ishihara Color Perception Test, 225 
relation to job performance, 124 
sex, relation to, 225 
“Come through," defined, 50 
Committee on Lighting Practice, 
Illuminating Engineering Society, 
237 
Committee on Work in Industry of 
the National Research Council, 
397 
Compensation, 
for, 195 
Computational interest test, 180 
Conferences: . 
inspectors, 313 
safety, 450 
supervisory training: 
evaluation of, 259 
program of, 278 
Contour Measuring Projector, 242 
Cooke, D. W., cited, 130 
Co-operation: 
defined, 173 
merit rating, 330 
Copeland, H. A., cited, 91 
Correlation, variable quantities: 
product-moment coefficient, 511 
rank-order method, 509 
Correspondence courses, 285 
Cost of living and wages, 364 
Costs of production and wages, 365 
Counseling by means of personality 


visual measurement 


£ 
wv 


tests, 177 
Counselors, place in safety program, 
443 


Cox, J. R., cited, 109, 114 

Cox Mechanical Aptitude Test, 92, 
120 

Cox Mechanical Models Test, 109 

Cranemen, vision, job differences in, 
229 

Criteria for testing the tests, 53-56 

Culpin, M., cited, 401 

Cycloid disposition, defined, 172 


D 


Data: 
central tendeney of, 490 (see also 
Central tendency of data) 


INDEX 


Data (Cont.): 
correlation of, 508 
graphic representation of, 485 
scores (see Scores) 
variability, measures of (see Vari- 
ability of data) 
David, H. A., cited, 329 
Davidson, H. P., cited, 238 
Demotion, merit rating and, 331 
Departments: 
accident types, differences among, 
453 
equipment maintenance, 276 
hospital visits, rate differences, 431 
industrial engineering, 276 
inspection, 276 
personnel, 275 
Depression: 
and accident proneness, 439 
defined, 172 
economie, mistakes in hiring during, 
100 
Depression Scale, 174 
Depressive cycloid component, de- 
fined, 169 
Depth perception: 
age and, 223 
defined, 185 
Detroit Mechanieal Aptitudes Ex- 
amination, 102 
Deviation: 
mean, or average, 497 
standard, 498 
Dexterity, bodily measurements, rela- 
tion to, 123 
Dexterity tests: 
apprentices (see Apprentices, selec- 
tion of) 
criteria for judging results from, 139 
differentiated from mental ability 
tests, 122 
evaluation of, need for, 131 
finger dexterity (see Finger dex- 
terity) 
“follow-up” study, 135 
Hayes Pegboard, 123, 125 
jobs, use in, list of, 134 
MacQuarrie Test for Mechanical 
Ability, 129 
Minnesota Rate of Manipulation 
Test, 130 
miscellaneous types, 130 


# 


ve 


INDEX 


Dexterity tests (Cont.): 
O'Connor Test of Finger Dexterity, 
13, 123, 124 
publishers of, 528 
Purdue Grooved Pegboard, 126 
Purdue Hand Precision Test, 128 
relation of speed of learning and 
results obtained from, 136-137 
test scores, 139 
typical tests, 124-131 
uses of, 131 
Dickinson, Z. C., ciled, 415 
Differences, individual (see Individual 
differences) 
Differentials in wages, 364 
Dill, A. B., cited, 410 
Director, safety, 438 


Disabled, 34 

Discrimination against women and 
other groups, 367 

Dominance-submission, measure of, 
167 

Downey, J. E., cited, 165 

Downey Will-Temperament Scale, 165 

Drake, C. A., cited, 140, 444, 446, 470 


Drake, L. E. cited, 175 rr 

Drill press operation, technical in- 
formation in, test, 156 

Driver, R. S. cited, 333, 340, 358 


Duke-Elder, W. S., cited, 227 


E 


Eagle Pencil Company, 140 
Earnings: 
and eye care, relation 
236 
and visual acuity, 213 
wages (see Wage) 
Education, formal: 
and subsequent success, 
between, 41 


between, 235- 


relation 


personal-history 


exclusion from 
chart, 40 f 
Edwards, H. E, cited, 410 
Efficiency variations of present em- 
ployees, 
trical: Ss 
Ee anit relation of vision to 


quality and quantity of work, 218 
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Electrical (Cont.): 
circuits, technical information in, 
test, 157 
common devices, technical informa- 
tion in, test, 157 
conductors, technical information 
in, test, 157 
fixture assemblers, selection of, 132 
measuring units, technical informa- 
tion in, test, 157 
repairman, job description, 30-31 
solderers: 
visual acuity of, 201 
visual requirements, pattern of, 
212-215 
Electricians, vision, job differences in, 
229 
Electricity, technical information in, 
test, 157 
Elementary statistical procedures, 485 
Elliot, R. M., cited, 110, 143 , 
Emotional: 
cycles and accidents, 439 
factors and proneness to accident, 
439 
maturity test, 442 
Employees: 
attitudes (see Attitudes) 
attitudes toward vision tests, 246 
bank, study, 89 
emotional factors in accidents, 439 
giving numerical value of ratings to, 
350 
high-ability, 2-3 
inexperienced, safeguarding, 449 
low-ability, 2 
morale (see Morale) 
new: 
testing tests on, 52, 59 
training of (see Training of 
employees) 
visual classification and place- 
ment, 191 
personality traits, 164 
present: 
percentage satisfactory, 70 
testing the tests on, 56 
training of (see Training of 
employees) 
testing of (see Employee testing) 
training of (see Training of em- 


ployees) 
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Employees (Cont.) : 
transfer, use of tests in, 56, 160 
visual: ke 
education, 245 
tests, 243 
Employee testing: 
advances in modern industry, trace- 
able to, 47 
as a placement program, 47-48 
as a selection program, 47-48 
bank, 89 
criteria for measuring value of, 
53-56 
employment procedures, 
mental to, 46 
function of, 46, 47, 62 
general concepts of, 46 
group, 68 
individual, 68 
laboratories, dimensional control, 
316 
new employees, 59 
personality (see Personality tests 
and Personality traits) 
place of, 46 
present employees, 56 
areas of needed training, dis- 
covery of, 161 
program of, 47 
psychological methods, 48 
selection ratio, 66 
testing tests on, 52 (see also Testing 
the tests) 
tests, type of, 49-50 
Employment: 
manager, mistakes made by, 100 
office, personnel procedures in, 46 
visual measurement for, 192 
Environment, effect on individual 
differences, 20-22 
Epileptoid component, defined, 169 
Equipment maintenance department, 
276 
Essex County Vocational School, 
study in accidents, 443 
Ewart, E., cited, 336 
Exit interview, attitude determina- 
tion, 470 
Experience and production, relation 
between, 18 
Eye care: " 
electric solderers, effect on, 236 


supple- 
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Eye care (Cont.): 
hosiery pairers, effect on, 235 
protection, devices for, 237-238 
Eyewear: 
glasses, effect on job performance, 
232 
loopers, learning, effect on, 233 
occupational, maintenance of, 244 


F 


Fair Labor Standards Act, 54, 363 
Farmer, E., cited, 401, 412, 444, 447 
Fatigue: 

conceptions of, 394 

illumination and, 403 

industrial, 396 (see also Industrial 

fatigue) 

morale and, 416 

nature of, 394 

physiological, 394 

psychological, 395 

reduction of (see Industrial fatigue) 
Favoritism and morale, 460 
Fear and accidents, 439 
Federal bureaus (see United States) 
Ferree, C. E., cited, 198 
Films, training, 274 1 
Financial incentives (see Incentives) 
Finger dexterity: 

in small assembly work, 132 

in watch making, 132 

pegboard, 13, 15 
Finger Dexterity Error Score, 76 
First aid, 419, 420 
Fisher, H. E., cited, 243 
Flanagan, J. C., cited, 167 
Fletcher, E. D., cited, 245 
Flinn, R. H., cited, 397 
Follow-up: 

accident proneness tests, 447 

dexterity tests, 135 

method, 59 
Forced distribution system, merit 

rating, 325 

Foremen (see Supervisors) 
Foxing calendar, job operation, 271 
Fraser, F. A., cited, 407 


Frequency distribution and polygon, 
485 


Awe 


{ 
B 


INDEX 539 


G 


GAMIN factors, defined, 172 

Gardiner, G., cited, 473 

Garrett, H. E., cited, 59, 83, 490 

Gates, D. S., cited, 435 

Gaugers, visual acuity of, 203 

Geiger, H. E., cited, 480 A 

Geographical factors in achievement 
tests, 149 

George-Deen Act, 284 

Ghiselli, E. E., cited, 142 

Giberson, L. G., cited, 479 

Giese, W. J., cited, 170, 188 

Gilbreth, F. B., cited, 399, 400, 401 

Gilbreth, L. M., cited, 400 D 

Glasses, use of for improved vision, 
230-232 cyi 

Goggles, use of, 4 7 

Copper H. R., cited, 11, 157 

Government control and wages, 363 

Graney, M. R., cited, 112, 118 

Green, H. J., cited, 130, 133 

Greenly, R. J., cited, 3, 13, 16, 96, 
134, 150, 253, 279, 320, 323, 480 

Greenwood, M., cited, 422 

Grievances, prevention of, 320 

Griffitts, C. H., cited, 123 — . 

Grinder operation, technical informa- 
tion in, test, 15 


Group tests: 


mechanical comprehension, 101 


Guilford, J. P., cited, 

Guilford, R. B., cited, 172 

Guilford-Martin Inventory of Factors 
GAMIN, 172 

Martin Personnel Inventory, 


Guilford- 
173 ] a 
Guilford Series of Personality Tests, 
172 
H 
Haggard, W. W., cited, 410 
Haines, C. E-; cited, 479 
Hall, O. M., cited, 116, 474 


9 
Hallock, F. L-, cited, 479 


Halo effect (Cont.): 
factor analysis of, 336-340 
how minimized, 334 
operation of, 334-335 
Hanawalt, N. G., cited, 168 
Hanman, B., cited, 36 
Harrell, W., cited, 91, 109, 115, 118 
Hartmann, G. W., cited, 19, 20 
Hathaway, S. R., cited, 174 
Hay, E. N., cited, 91, 375 
Hayes, E. G., cited, 125, 135 
Hayes Pegboard Test, 76, 123, 125, 
135, 138, 139 
Heidbreder, E., cited, 110, 143 
Heinrich, H. W., cited, 418 
Henig, M. S., cited, 443 
Heredity, effect on individual differ- 
ences, 20 . 
Hersey, R. B., cited, 413, 439, 441, 458 
Hewes, À., ciled, 435 
High-school graduates: 
hiring of, 100 
job qualification test, 12-13 
High-testing group, division into, 57 
Hill, L. H., cited, 365, 371 
Hill, W. B., cited, 11, 157 
Hinckley, E. D., cited, 465 
Hines, M., cited, 13, 133 
Holliday, F., cited, 92 
Holzinger, K. J., cited, 379 
Hook, C. R., Jr., cited, 365, 371 
Hookers vision, job differences in, 229 
Hoppock, R., cited, 459, 460 
Hosiery inspectors, visual require- 
ments of, 217 
Hosiery loopers: 
consistency of production, 9 
distance acuity, changes in with 
experience, 226 
effect of heredity and environment 
on, 20-22 
eye wear, effect on, 233 
selection of, 141 
training of, 252, 267, 268 
vision and job efficiency, 206, 207 
Hosiery looping: 
aptitude tests of, 50 
demands of, 8 
dexterity test for, 130 
present employees, testing of, 58 
qualifications for, 18 
Hospital visit data, 423 et seq. 
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Hours of work and fatigue, 410 

Houser, J. D., cited, 457 

Howard, R. R., cited, 439 

Hull, C. L., cited, 69 

Hull, R. L., cited, 474 

Hume, C. D., cited, 10, 155 

Humes, J. F., cited, 409 

Humm-Wadsworth Temperament 
Scale, 168, 169, 170, 171 

Hunt, H. C., cited, 165 

“Hunt-and-peck” system of learning, 
265 

Hurlock, E. B., cited, 478 

Hurt, J., cited, 131 

Hutcheon, N. B., cited, 86, 92, 120, 181 

Hypochondriasis Scale, 174 

Hysteroid component, defined, 169 


Illumination and fatigue, 403 
Illumination Research Committee, 
404 
Improvement: 
merit rating and, 322 
methods, job analysis for, 28 
Impulsiveness and accidents, 439 
Incentives: 
fatigue, relation to, 398 
financial and fatigue, 414 
non-financial, 367, 415 
types of, 292 
wages (see Wage) 
Individual differences: 
effect of heredity and environment 
on, 20-22 
effect of training on, 17-19 
employer-employee relations, rela- 
tion to, 4-5 
extent of, 1-2 
human abilities, basie causes of, 264 
in dexterity, 131 
in industry, significance of, 1-22 
in job qualifieations, 10, 23 
in productivity: 
defined, 5 
figures showing, 6, 7, 8, 9 
in vision, 15-16 
magnitude of, 5-10 
merit ratings, 16 
personnel manager, major function 
in connection with, 23 


INDEX 


Individual differences (Cont.): 
psychology, relation to, 5 
questions concerning, 5 
social legislation, relation to, 3-4 
training, relation to, 4 
union contract, relation to, 3-4 

Individual tests, how given, 49 

Industrial: 
counselors and safety program, 442 
fatigue, 396 

attitude and, 416 

defined, 397 

efficiency, relation to, 397 

factors related to, 398 

hours of work and, 410 

incentives, relation to, 398 
financial, 414 
non-financial, 415 

mental abilities and, 416 

morale and, 416 

motion study and, 398 

music and, 408 

noise and, 407 


nourishment and, 409 
personality traits and, 416 
problems of, 397 
rest pauses and, 411 
temperature and, 406 
ventilation and, 406 
visual adaptability to job, 405 
, work methods and, 398 
inspection (see Inspection) 
mathematies: 
technical information in, 158 
test, 158 
merit rating (see Merit rating) 
relations department, training divi- 
sion of, 276 
training (see Training of emplo: 
bur Fatigue Research’ Boas. 


ur x Training Classification "Test, 


Indust i Y 
n C relation between school and, 


Inferiority feelings, lack of, 173 

Injury, immediate attention to, 452 

In-service training: : 
measurement of effectiveness, 260 
merit rating and, 332 


Inspection: 
department, 276 
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Inspection (Cont.): 
how accomplished, 296 
laboratories dimensional control, 
31 
precision instruments, use of, 315 
tin plate, 296 
Inspector-packers, selection of, 142 
Inspectors: 
accuracy of, 297 
aircraft propellers, 318 
conferences, 313 
failures and successes, percentage 
of, 318 
job performance, comparison of, 308 
measuring accuracy of, 296 
motion pictures, 309 
selection of, 140, 153 
speed, 302 
tests for placement determination, 
304, 307 
emphasis of, 317 
toolmaking, 319 
training of, 313 
visual acuity of, 200, 201, 217 
Instrumental tests, defined, 50 
Insulation machine operators, 
tion of, 134, 136 
Insurance: : 
relation between type of prior 
experience and selling of, table, 43 
salesmen, tests for, 39 
Intelligence: 
relation to 
tests (see N 


Interests: 
activities directed by, 
basic groups of, 180 $ 
measurement of, difficulties, 178 
multiple factor in, 179 

Interest Scale, 174 

Interest tests: 
Cardall Primary 

Test, 180 . 
industrial application 0! 
Kuder Preference Record, 
publishers of, 529 
Strong Vocationa 

178 
value to industry, 180-181 
vocational guidance, relation to, 177 

International Business Machines Com- 


pany, 3: 


selec- 


difficulty of work, 2-3 
[ental ability tests) * 


177 


Business Interests 


f, 178 
179 


] Interest Blank, 
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Interview: 
basic principles of, 23 
conclusions derived from, reliability 
of, 23 
exit, 470 
final, 23 
interviewer (see Interviewer) 
limitations of, 24, 27 
preliminary, 23, 26 
preparation for by 
suggestions for, 25 
supplements to, 26 
Interview Aids, 158 
Interviewer: 
information needed by, 26-27 
job analysis for personnel speci- 
fications, 27-33 
interview (see Interview) 
training of, 25 
WE Matias measure of, 
I. Q. scores, 84 
Trritability, lack of, 173 
Ishihara Color Perception Test, 225 
Ivy, A. C., cited, 411 


J 


interviewer, 


Jackson, J. J., cited, 293 
Job: 4 
accident proneness and, 425 
activities, list of, 269 
analysis, information required by 
interviewer: 
defined, 27-29 
detailed form of, 30-31 
for methods of improvement, 28 
for personnel specifications, 28, 
29-33 
for setting the rates, 28 
for training purposes, 28, 268-273 
description: 
electrical repairman, 30-31 
for job evaluation, 373 
suggestions for, 32 
differences, merit rating, 358 
evaluation: 
advantages of, 370 
committee, 371 
getting jobs in line, 372 
job analysis and, 28 
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Job, evaluation (Cont.) : 
job characteristics 
values, 377 
job descriptions for, 373 
labor grades, 380, 381 
new jobs, provision for, 372 
program, installation of, 370, 371 
reliability of, 390 
scaling jobs: 
by comparing components of 
each job, 375 
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